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1.1 Computer-Supported Collaborative Learning and Gender Differences  
One of the long standing goals of science education is to enable students to become 
high-order problem solvers (UNESCO, 2004). Physics education needs to be geared toward 
helping students develop a more flexible understanding of concepts and principles in order to 
solve novel problems (Henderson & Dancy, 2004). In high schools, students are often found 
to have trouble in solving novel problems although they know how to solve standard textbook 
problems. Sometimes, their prior knowledge is sufficient, but they still lack the skills in 
analysing, making representations, planning and monitoring their solution process when 
encountering new problems (De Jong & Van Joolingen, 1998; McDermott & van Zee, 1985). 
Many students tend to solve science problems mechanically, focusing on sample problems, 
searching for the correct formula or simply plugging numbers into a formula (Sherin, 2001). 
Based on a comprehensive review of research on problem-solving in physics, Maloney (1994) 
summarized that successful students’ problem-solving strategies at least contain a conscious 
qualitative analysis of the problem, making a sketch of the problem, restating the problem in 
one’s own words and conscious review of equations or theorems that fit the problem. 
However, students, on their own, do not spontaneously generate highly elaborate analyses of 
the problem information (King, 1990).  
In classroom practice, the value of collaborative learning is widely recognized due to 
the notion that while explaining a problem to peer learner students can gain conceptual clarity 
for themselves (Damon & Phelps, 1989; Johnson & Johnson, 1990; 1993). Collaborative 
learning refers to a heuristic methodology that students engage in a common task, working 
jointly to co-construct the meaning or solve the problem. The theory of collaborative problem 
solving basically hinges on the idea that learners influence one another when learning 
together (e.g., De Lisi & Goldbeck, 1999). In order to accomplish a given task and achieve a 
joint product, two or more students work together, and they have to listen to their partners’ 
perspective and negotiate with each other to arrive at a mutual understanding. Interpersonal 
interaction exposes participants to different perspectives (Miyake, 2006), and makes 
difficulties in solving problems clearer for students to see and more open to interactive 
problem solving (Heller & Hollabaugh, 1992). Learners can elaborate their partners’ ideas, 




Clements, 1992). Hence, knowledge can be meaningfully constructed when students 
cognitively engage in collaboration. As Teasley and Rochelle (1993) have concluded: 
“Collaboration is a coordinated, synchronous activity that is the result of a continued attempt 
to construct and maintain a shared conception of a problem.”  
Empirical studies have shown that collaborative learning can have profound effects 
on students learning achievement (e.g. Johnson & Johnson, 1990; Teasley, 1995). Blaye, 
Light, Joiner and Sheldon (1991) showed that students who had previously worked as 
collaborative pairs on problem-solving in physics were more successful on a knowledge test 
than those who had had the same amount of experience working alone. The researchers 
concluded that within a small group that works as a team, students tend to spend more time 
on reflecting and discussing the suggested solution than when students work individually. 
Nelson (1999) pointed out that, if students are frequently engaged in constructive dialogue, 
their procedural knowledge will retain longer and their problem-solving skills in physics will 
improve more than when they learn individually. Positive results of collaborative learning 
have been explained by the notion that interaction stimulates the elaboration of knowledge 
and hence adds individual cognitive gains (van Boxtel, Van der Linden & Kanselaar, 2000) 
Some researchers claim that collaborative learning appeals to both male and female 
students (Heller & Lin, 1992; Johnson & Johnson, 1993; Kahle & Meece, 1994). But 
according to Underwood, Underwood and Wood (2001), collaborative learning carries risks, 
and these risks are particularly high when computer and gender are involved. For instance, 
some studies have clearly addressed that female and male students have different 
communication styles (Lakoff, 1973; Lay, 1992; Li, 2002), and simply pairing them will not 
guarantee an expected increase in learning achievement.  
For example, male students tend to give their opinions more directly than female 
students. Females are more likely to initiate conversation by asking questions and 
establishing a common ground among participants whereas males start discussions on a 
problem right away by putting forward ideas and suggestions. 
Computer-supported collaborative learning (CSCL) was developed in the 1990s, with 
the promising potential of internet connecting isolated learners in an innovative way (Stahl, 
Koschmann & Suthers, 2006). CSCL makes it possible to collaborate while students are at 
different places. Some studies have pronounced the gender difference in collaboration 
(Prinsen, Volman & Terwel, 2007), and stressed that the gender problems which we are 
familiar with in the face-to-face collaboration will remain in the CSCL setting. Nevertheless, 
previous studies did not offer clear empirical evidence concerning gender differences in 
communication, cognitive processing of knowledge and the elaboration process in CSCL. 
The aim of this dissertation is to explore gender differences in physics problem solving 





• How do female and male students learn in a collaborative setting and do they both 
profit more from a collaborative than in an individual setting? 
Based on the findings of previous research that has revealed that collaborative learning 
can generally improve students’ problem-solving learning (Cohen, 1994; Johnson & 
Johnson, 1993; Scanlon, 2000; Schwartz, 1995; Sharan & Shachar, 1988; Slavin, 
1983), it is hypothesized that both female and male students will profit more from 
collaborative learning than from individual learning.  
• Are there gender differences with respect to students’ communication style, 
cognitive representations and knowledge elaboration process in collaboration? 
Previous studies on communication styles have demonstrated a gender difference 
(Lakoff, 1973; Lay, 1992; Li, 2002, Webb, 1984). For instance, females are more likely 
to initiate the conversation with questions while males tend to express their opinions 
directly. Besides, they may also have different ways to represent knowledge while 
solving a physics problem. Kellogg (1995) has found that males outperform females on 
the tests of visual-spatial ability and tend to convey information in a pictorial way. All 
these may result in a discrepancy in elaborating knowledge.  
• Is there a relationship between students’ knowledge elaboration process and their 
learning outcomes in synchronous Computer-Supported Collaborative Learning 
(CSCL), and is this influenced by gender? 
So far, very little research in CSCL has pointed to the relationship between students’ 
learning achievement and their knowledge elaboration process. Studies involving 
CSCL have often focused on the individual learner and his/her learning activities. 
However, theories of collaborative learning foreground the role of interaction between 
learner and his/her partner(s) and how the interactions influence the knowledge 
elaboration process (Weinberger, Stegmann & Fischer, 2007). With respect to gender 
issues, it is predicted that there exists a gender difference in the relationship between 
learning achievement and the elaboration process in CSCL.  
1.2 Organization of the Thesis 
The thesis consists of six studies. Chapter 2 to 7 are empirical studies that have 
been submitted to international journals. Three (Chapter 2, 4 and 6) were published; the 
others were in review (Chapter 3, 5 and 7).  
 
In Chapter 2, a general comparison between individual learning and collaborative 
learning is discussed. This is a pilot-study, serving to provide background information for the 




Chapter 3 focuses on the gender differences in both individual and collaborative 
learning settings. It further explores whether collaborative learning with hints may help to 
close the gender gap in problem-solving achievement.  
Chapter 4 studies gender differences in the communication styles in collaborative 
learning. The research question is whether female and male students’ communication styles 
are sensitive to their partner’s gender.  
Chapter 5 looks beyond the surface features of collaborative learning and advances 
with an insight into different ways of knowledge representations. It examines the gender 
differences in visual and verbal representations. It arises out of the question whether female 
and male students use different ways to represent knowledge cognitively while solving a 
physics problem jointly and whether this varies depending on the partner gender.  
Although Chapter 4 and 5 present some information about the process of 
collaborative learning, how students elaborate their knowledge cognitively during the 
collaboration process is still a “black box”. In Chapter 6, a new method (so-called “Elaboration 
Value”) to look into students’ elaboration process is pilot-studied. The interactions of three 
dyads are intensively studied as an ongoing process in an attempt. It bears the opportunity to 
unravel the knowledge elaboration process in CSCL. This study sheds light on the process of 
joint and individual knowledge elaboration in CSCL.  
 Using the “Elaboration Value” method developed in Chapter 6, a large study with 96 
participants is presented in Chapter 7. The aim is to find out whether there is a gender 
difference in the knowledge elaboration process in CSCL and whether this is related to 
students’ learning achievement. 
 
1.3 Some Considerations 
As aforementioned, the gender issue has been scarcely explored in CSCL research, 
particularly where it concerns the knowledge elaboration process. Given that the computer 
itself may impose an influence on students’ interactions, the first four studies were conducted 
in a computer-alike experimental setting within which students were randomly paired and sat 
together, but they were not allowed to talk with each other. Each dyad was overseen by an 
observer to ensure that communication only occurred on the log sheets. In the coming 
computer-supported learning setting students were geographically dispersed. Constructing 
the computer-alike experimental setting aimed at capturing students’ collaboration process 
and their cognitive activities. Having collected sufficient knowledge about students’ 
communication and knowledge elaboration, the research was shifted to the computer-
supported learning environment.  
In order to gain insight into students’ cognitive processes, this research rests mainly 




students’ participation and knowledge elaboration activities. It also affords the opportunities to 
trace how individual students cognitively process the information, respond to peer learner’s 
ideas, and how students co-construct the knowledge.  
In addition, although CSCL takes many forms, this research focuses on the 
synchronous computer-supported problem solving learning. In comparison to gender-focused 
studies in asynchronous CSCL, there are still many gender-related questions that need to be 
answered in synchronous CSCL (Heller, 2000).  
 Finally, as for the distinction between the terms “cooperative learning” and 
“collaborative learning” there are no established or definitive labels in this field. The term 
“cooperative” is often used interchangeably with “collaborative”, but the terms may have 
different meanings (Olguin, Delgardo & Ricarte, 2000). Some researchers prefer using the 
term “collaboration” as a general concept (O’Donnell & King, 1999) while others tend to 
distinguish between “cooperation” and “collaboration” (Kneser & Ploetzner, 2001). According 
to Dillenbourg (1999), it correlates with the degree to which a learning task involves a 
prescribed division of labour among participants. Cooperation then is defined as individuals 
working in a group with each one solving a portion of the problem by dividing up the work. For 
instance, if a dyad is given a problem to solve, it could assign each participant a portion of the 
problem and then stitching the results together. In contrast, collaboration is the 
interdependence of the individuals as they share ideas and reach a conclusion or produce a 
product. In collaborative problem solving, students share their comments and doubts, 
contribute their ideas and negotiate with each other until they arrive at a consensus.  
 Cooperative learning can be seen as a specific type of collaborative learning. It 
highlights structured labour in a joint project. Each participant is individually accountable for 
own work, and in addition the work of the group is assessed as a whole. By contrast, 
collaborative learning suggests a sharing of authority and acceptance of responsibility among 
group members. Theoretically, collaborative learning fits well in a constructivist approach in 
which students are required to actively define objects and working out answers jointly rather 
than elaborate on the work individually. In this dissertation, the term “collaborative learning” 
has been used as an umbrella definition. During the empirical studies, there is no fixed 
instruction asking students to divide their tasks evenly. Instead, students’ are allowed to 











Structured Collaboration versus Individual Learning 
in Solving Physics Problems1 
 
Abstract: 
The research issue in this study is how to structure collaborative 
learning so that it improves solving physics problems more than individual 
learning. Structured collaborative learning has been compared to individual 
learning environments with Schoenfeld’s problem-solving episodes. Students 
took a pre-test and a post-test and had the opportunity to solve six physics 
problems. 99 students from a secondary school in Shanghai participated in the 
study. There were four experimental conditions: collaborative learning with and 
without hints, individual learning with and without hints. Students who learnt to 
solve problems in collaboration and students who learnt to solve problems 
individually with hints improved their problem-solving skills compared to those 
who learnt to solve the problems individually without hints. However, it was 
hard to discern an extra effect for students working collaboratively with hints. 
Though, we observed these students working in a more structured way than 
those in the other groups. We discuss ways to further investigate effective 
collaborative processes for solving physics problems. 
 
2.1 Introduction  
Computer-supported collaborative learning (CSCL) has become a promising tool in 
science education (Van Boxtel, 2000). Since collaboration is the process of interaction 
amongst peers in order to reach a common goal, it is very important that participants have a 
clear idea of proper ways to reach the common goal and how to contribute to it as an 
individual. Successful CSCL structures the collaboration process so that participants’ 
 
 
1. This chapter is based on Harskamp, E. & Ding, N. (2006). Structured Collaboration versus Individual Learning in Solving 




motivation, personalities, prior knowledge and experiences are combined in a co-ordinate 
group effort (Johnson & Johnson, 2000; Koschmann, 1996).  
Much research on collaborative problem-solving with computers is about the 
conditions of collaboration such as: group size, group composition, nature of the task or 
communication media and their impact on student learning. Dillenbourg, Baker, Blaye, and 
O'Malley (1996) expressed in their review of research the need to study the interactive 
processes in order to delineate which interactive processes may cause student learning. 
More recently research in CSCL has shown that the frequency of task related interactions 
during collaboration is often a good predictor of learning outcomes of individual students. It is 
assumed that certain types of task related interactions with others lead to the active 
processing of information by the individual, which can modify the individual’s knowledge and 
skills. This is especially so when peers provide examples of a topic, explain a concept, 
demonstrate a solution method or supply specific argumentation. These kinds of verbal 
interactions are called ‘elaborations’. Elaborations between students are necessary to solve a 
problem collaboratively in such a way that participants improve their knowledge (Avouris, 
Dimitracopoulou, & Komis, 2002; Van Boxtel, 2000; Webb & Farivar, 1999). 
Yet, it is difficult to trace how structuring of the learning environment effects the 
stimulation of elaborations between students and how this is related to learning outcomes of 
individuals. Even in structured CSCL environments students tend to spend much time on 
superficial aspects of the task rather than on elaborations. This may be due to the fact that 
students in CSCL do not see all of each other’s activities like in face-to-face collaboration and 
feel they have to keep in touch. Hence, in this study we explore students’ elaborations in 
face-to-face collaborative problem-solving and compare these to individual problem-solving.  
 
2.2 Structuring Problem-solving  
Science education in schools all over the world is increasingly required to produce 
high order problem-solvers (UNESCO, 2004). As problem-solving is about finding a solution 
to a problem that is relatively new to the learner, it involves the skill to analyze a problem, to 
apply prior knowledge, to synthesize different bits of knowledge, to make decisions about 
how to proceed and to evaluate the steps taken in the solution process (Polya, 1957). Many 
researchers have concluded that students may have the necessary prior knowledge for a 
problem but still cannot solve it (Sfard, Nesher, Streefland, Cobb & Mason, 1998). While 
some students find it difficult to relate the right prior knowledge to the problem, others have 
difficulty analyzing a problem or carrying out the appropriate calculations. Based on a 
comprehensive review of research on problem-solving in physics Maloney (1999) 
summarized that successful students’ problem-solving strategies at least contain conscious 




one’s own words and conscious review of equations or theorems that fit the problem. The 
question for teachers is whether to teach students a step-by-step strategy or to let them 
construct a strategy on their own. Some researchers demonstrate that students will profit 
from a step-by-step strategy in solving problems independently (Heller, Keith & Anderson, 
1992). One example of the possibilities new technology provides is the intelligent tutoring 
program for solving algebra word problems designed by Conati & Van Lehn, (2000). Their 
program ANDES is showing a computer tutor which is coaching self explanation when pupils 
follow the solution of example problems step by step. The program has a rather static view on 
how to solve problems and teach problem-solving through a procedure of fixed steps. But this 
procedure is not consistent with genuine problem-solving activity (Sfard & Kieran, 2001; 
Wilson, Fernandez & Hadaway, 1993). In our study a five-episode strategy developed by 
Schoenfeld in solving mathematical problems was selected because of its suitability for 
solving problems in physics. According to Schoenfeld (1992, 1994) one should not dictate 
strict problem-solving steps but give students room for the development of an individual 
solving strategy using the episodes: 
• read, analyze the problem (analyze) 
• activate relevant knowledge to solve the problem (explore) 
• make a plan (plan) 
• carry out the plan (implement) 
• check the answer (verify) 
To make students conscious users of the episodes Schoenfeld asked students 
procedural questions such as: Can you make a scheme of this problem? What procedure do 
you know that could help you? Have you made a plan? Did your solution answer the question? 
Etc. By asking these questions students reflect on their use of the episodes and develop self-
confidence (Schoenfeld, 1994). Harskamp and Suhre (2004) developed a computer program 
for a mathematics course using the episodes of Schoenfeld’s approach to help students solve 
applied mathematics problems. They provided hints in the computer program with each 
episode. The hints showed students how to act in the different episodes. The program was 
quite successful. Pol, Harskamp and Suhre (2005) used the program to supports novices in 
solving physics problems about forces. The program does not dictate strict problem-solving 
steps and gives students room to develop an individual solving strategy. Hints are provided 
for the five episodes and the student may choose hints freely. The research showed that 
students who had worked with the program with hints could solve physics problems better 
than their peers who did the program without hints. In both research projects mentioned 
above students hardly used the hints to verify their answers and on the post-test they had 
difficulty verifying their answers. So, in these projects, individual problem-solving with hints 
did not improve students’ reflection on problem-solving. This needs special attention in the 




We want to find out if collaboration can improve students’ reflection on physics 
problems. About 15 years ago Blaye, Light, Joiner and Sheldon (1991) showed that children 
who had previously worked as collaborative pairs on problem-solving in physics were twice 
as successful on a knowledge test as children who had had the same amount of experience 
working alone. The researchers conclude that within a small group that works as a team, 
students tend to spend more time on reflecting and discussing the suggested solution than 
when students work individually. Nelson (1999) suggests on the basis of her research that if 
students are frequently engaged in constructive dialogue their knowledge of facts and 
procedures will retain longer and their problem-solving skills in physics will improve more and 
than if they learn individually.   
However, collaborative learning will be at risk of becoming conversational learning 
and less effective than traditional learning if a structuring of interactions is absent. Without the 
presence of tutors, students are inclined to chat and become less oriented at their task. On 
the basis of their research, Erkens, Kanselaar, Prangsma and Jaspers (2003),  Pena-Shaff 
and Nicholls (2004) and Van der Meijden and Veenman (2005) suggest that structuring of the 
dialogues that students are supposed to have about the problem, leads to more frequent 
higher level elaboration and makes the process of knowledge construction in the individuals 
more effective. In structuring the collaboration process it is necessary to overcome impasses 
and redirect incorrect solution paths, to facilitate problem-solving interaction to keep students 
engaged and to suggest how students can take the problem step by step. Students should 
find the optimal balance of peer interaction and take expert advice.  
We think that the episodes of Schoenfeld’s approach can provide suggestions of how 
to divide a problem into parts. By providing examples with each episode students can take 
expert advice and can redirect themselves if they follow an incorrect solution path. We have 
evidence that this approach works for individual students (Pol, Harskamp & Suhre, 2005). In 
order to make it work for learning in a group we need a script that tells the students how to 
maintain a balance between peer interaction and expert advice and how to change between 
individual activities and peer interaction in solving a problem (Weinberger, Fischer & Mandl, 
2001). A script not only improves active participation of students but can also provide 
knowledge convergence: finding common knowledge to carry out a task and socially sharing 
knowledge. Knowledge convergence among peers can be encouraged by shared resources 
such as hints, examples and representations (Mancini, Hall, & Stewart, 1998; O’Donnell, 
1999; Fischer & Mandl, 2001).  
Schoenfeld’s episodes with hints will show the students examples of high level 
information they should provide as a result of their elaboration. The hints should be used after 
students have discussed their suggestions, prior knowledge or solution plans. The hints 
provide feedback on their discussions and show students they are on the right track or 




 Research questions 
Under certain conditions collaborative problem-solving will be more effective than 
individual problem-solving. Students should know what to do and how to work together: some 
structuring of the process is needed.  
In previous research with mathematics and physics problems researchers concluded 
that episodes with hints to structure the solution process can improve individual problem-
solving. But what if students working together on a problem are provided with episodes with 
hints? Will they improve their problem-solving skills still more? 
From previous research very little is known about this issue. To explore the 
effectiveness of variations in structuring of collaborative and individual problem-solving, three 
research questions and hypotheses are formulated:  
1) Does collaborative learning without hints improve students’ problem-solving learning 
compared to individual learning without hints? 
Hypothesis 1: Collaborative problem-solving with the use of episodes without hints leads 
to better learning outcomes for individuals than individual problem-solving without hints. 
2) Does individual learning guided by hints improve students’ problem-solving learning more 
as compared to learning without hints? 
Hypothesis 2: Individual problem-solving with the use of episodes and hints leads to 
better learning outcomes for individuals than individual problem-solving with episodes 
only. 
3) Does collaborative learning with hints improve students’ problem-solving learning 
compared to collaborative learning without hints? 
Hypothesis 3: Collaborative problem-solving with episodes and hints leads to better 




2.3.1 The experiment design 
In this research project the episodes of Schoenfeld’s approach (1992) serve as 
stepping stones for problem-solving, and are used to structure students’ learning processes. 
We have designed four conditions:  
• a condition requiring students to collaborate on problem-solving with the help of hints 
(CL+H);  






• a condition requiring students to solve problems individually with the help of hints 
(I+H)  
• a condition requiring students to solve problems individually without any hints (I).  
The study was conducted in a secondary school in Shanghai with a sample of 99 
students from two classes of grade 11. The school ranked among the top-five best schools in 
Shanghai. Students in the study are at the age of 17, coming from families with a wide range 
of occupations, incomes, and educational levels. Of the sample, 54.5% were female (n=54) 
and 45.5% were male (n=45). The study was a randomized group design with a pre-test and 
a post-test. Students in each class were assigned randomly to the four conditions. Students 
in the two collaboration conditions worked in dyads.  
All students tried to solve the same moderately-structured multi-step physics 
problems. We used new context problems which gave students ample opportunity to read 
and analyze and would take them some effort to connect with previous physics knowledge.  
Figure 2.1 illustrates one of the problems. It is a five-step problem and is used as an 
example to demonstrate condition ‘Collaboration with hints’.   
 
 
A 12 kg heavy child fell down from a window at 
52nd-floor which is 171.6-meter high. The evil 
Dr. Ock Teaser (90kg) at the bottom of the 
building sees the kid falling off the window and 
starts climbing upwards with his six metal 
claws to catch the baby. Each claw can 
execute 200N force to lift him. Luckily, 
Spiderman (65kg) is at the top of the 
skyscraper which is 198m high. With his hairs 
gluing on the top of the building, he is flying 
down to save the baby.  
 
To save the baby, at which velocity must 





Figure 2.1 Example of the condition ‘collaboration with hints’ 
 
Students were required to work according to a script on the five episodes. The hints 
that go with each episode were on cards and numbered sequentially from 1 to 5 (see Figure 
2.2, 2.3, 2.4, 2.5, 2.6). The hints consisted of a text that described the main topics in an 




became more and more detailed. We expected this external representation to help maintain 
the focus in discussion and we expected the details to help students solve the problems 
(Jonassen et al., 1999). The hints were put upside down in front of the two students. There 
are no unbending rules using the hints, but the students first have to think of the answers to 
fill in on the log sheet and discuss them with each other before using the hints.  
 
Problem survey (Read, Analyze): Students are required to verbalize the problems to identify 
the known and unknown information of the problem, and determine a general approach that 
is appropriate to this situation, such as what kind of concepts and principles will be useful in 
solving this problem. The result of their discussion can be a rough picture showing the 
objects, their motion and direction. 
 
Figure 2.2 hint 1 
Active Knowledge (Explore): Students are asked to translate their sketch into a scientific 
description with a diagram. In the diagram they define variables to calculate desired 
quantities. They write down the formula that may help to solve the problem.  The hints may 
be used only after the discussion. 
 





Make a Plan (Plan): After making a scientific description, students are asked to make a 
solution plan individually. This plan should involve the steps in the equations and rough 
estimates of the outcome. Then they are asked to put their plans together to compare. It is 
not necessary that there must be consent or one must follow the other’s plan. Comparison of 
the solution plan simply makes students aware that more than one solution is possible.  They 
may use the hint to check if they are on the right track or they may correct their solution plans 
if necessary. 
 
Figure 2.4: hint 3 
 
Carrying out the Plan (Implement): Students are asked to translate their own plan into a 
series of appropriate mathematical actions by substituting the numerical values into a formula 
and to solve the final equation. They need to check regularly whether they are meeting their 
targets and revise the plan accordingly. 
 





Control of the Answer (Verify)  
Based on their answers, students are encouraged discuss their solutions. When they 
have got the same answers, they are asked to retell their solving process and check whether 
they have really arrived at the right solution. If their answers are different, they should 
determine whose is correct or complete. They are also asked to reflect on what they had 
learnt for future problems and tasks, and what kind of strategies are more efficient and can 
be adopted later on. 
 
 
Figure 2.6 hint 5 
 
At the end, students were given a worked out example as the final judge of their 
solution. The students wrote their information about the five episodes in a log sheet (see 
Figure 1.7) and especially elaborate upon the verification of their answers. 
 
 





2.3.2 Assessment Instruments 
Participants completed both a pre-test and a post-test. The pre-test consisted of two 
problems about forces and the post-test had two similar problems. The test problems have 
much in common with the problems in the program. The test problems are contextual and are 
about the topic of forces. However, the test problems are not as complicated as the problems 
in the program and need only three steps to calculate. The contexts in the test problems are 
different from those in the program and relatively new to the students. One of the problems of 
the post-test is stated in Figure 2.8: 
 
Robin Hood (mass=60 kg) is escaping from a dangerous 
castle. With one hand he is gripping the rope that holds 
up a chandelier (mass=240 kg). When he cuts the rope 
where it is tied to the floor, the chandelier will fall, and he 
will be pulled up toward a balcony which is 20 meters 
above. The nearest enemy will kill him in 3 seconds.  
Ignore the friction between the rope and the beams over 
which it slides, and find whether it is possible for Robin 
Hood to escape safely.  
 
Figure 2.8 one of the problems in the post-test 
 
Both the pre-test and post-test were given in open-question format. Responses on 
each episode were given from 0 points (no information) to 5 points (correct and detailed 
information). The students were required to give information about four episodes: analyze, 
explore, plan and implement. In total 20 points for each question could be gained. Since 
students in both pre-test and post-test were asked to solve the problems individually, the final 
stage, verifying the solution, was not taken into account.   
 
2.3.3 Procedure 
Introduction: Prior to the pre-test, we used one lesson for an introductory training. 
First, students of all conditions were shown a videotape. In the videotape, two students 
solved a physics problem concerning forces while discussing their ideas following the 
episodes of problem-solving. We showed this video to make sure that all students understood 
the idea of working with the log sheets. Thereafter, students in condition CL+H were given 
instruction with a sample problem in how to collaborate in each episode using the hints. The 
students in condition CL were given instruction with the sample problem in how to collaborate 




thinking aloud and following the episodes on their log sheet. The students in I+H were given 
instruction in how to use the hints with the sample problem. Students in condition I only did 
the sample problem. All students filled in a log sheet and received the sample answer so that 
they could verify their solution.  
Pre-test: Subsequently, all students took a one-hour pre-test and were asked to finish 
two physics problems individually and without any hints at hand.  
Training: The students were grouped as afore mentioned in the experiment. Within 
each class, students were divided randomly into four groups. The condition CL+H and CL 
consisted of 26 students (11 boys, 15 girls) and 25 students (11 boys, 14 girls), respectively. 
In the two collaborative learning groups students were randomly assigned to their peer 
learner. The conditions I+H and I consisted of 23 students (8 boys, 15 girls) and 25 students 
(16 boys, 9 girls), respectively. All students were required to spend 6 lessons of 50 minutes 
working at 6 problems about forces and movement. Students had to apply knowledge of 
Newton’s laws that was taught the year before. Students in all four conditions were given log 
sheets on which the five episodes of Schoenfeld’s problem-solving strategy were listed 
(Figure 2.9). They filled in the sheets for each problem. 
 
Starting time: ……. Problem number ….. 
1. Read & Analyze 
Make scheme or diagram 
Answer: 
 
Use of hint? Y/ N* 
2. Active Knowledge 
The equations or 




Use of hint? Y/ N* 
3. Make a Plan 




Use of hint? Y/ N* 





Use of hint? Y/ N* 
5. Verify the answer 
Did you give a complete 
and correct answer? 
Answer: 
 
Use of hint? Y/ N* 
Ending time: …….. Comments on the process: 
* Only for conditions with hints 
Figure 2.9 Log sheet (shortened version) 
 
Log sheet:  In the collaborative conditions (CL+H and CL), students had to discuss 
their individual answers with their peer learner and write down the results on the log sheet. 
After calculating the answer, students in the two collaborative groups were required to verify 




answers were the same. If different, they were encouraged to discuss and find out from which 
part their solving process diverged. After discussion, students had to write down some 
comments on their peer learner’s solving process, and to evaluate their peer learning as 
effective or not. In group CL+H and CL students filled in the log sheets with the fifth episode 
to exchange their learning experiences. In the other conditions (I+H and I), students filled in 
the log sheets on their own decision. In condition I+H the student working individually were 
provided with five hints. The only difference with the students in condition CL+H was that the 
fifth hint (verify) is merely to remind the student to reflect on the answer by himself or herself.  
From the log sheets the researchers gathered information about the problem-solving process 
in the four conditions: how many problems were solved correctly, which information students 
gave about the episodes of a problem, and the time of start and completion of a problem.  
Videotapes and observations: More qualitative process information was gathered by 
making videotapes during the program of two pairs of students in condition CL+ and in 
condition CL. The students’ conversations were videotaped and transcribed. Two students in 
condition I + H and condition I were asked to verbalize their problem solving activities while 
they were videotaped. Not only video registrations were made but also naturalistic 
observations of students at work. During the six lessons, one of the researchers observed the 
students in the four conditions and made field notes of the nature of their learning activities. 
Post-test: Students were asked to take the post-test individually. The time set for it 
was 60 minutes.  
Interview: An interview was held by the researchers. Four students from each group 
were selected and were asked how they solved the physics problem and how they had 




2.4.1 Implementation of the treatments 
Implementation of condition CL+H (collaborate on problem-solving with the help of hints) 
Students in this group spent more time on problem-solving than their counterparts in 
other groups. From our observations during the experiment we learnt that the students 
needed time to elaborate on the episodes. All of the students in this group were engaged in 
problem-solving until the end of each lesson. The log sheets showed that 85% of the 
students reached correct and complete answers with at least 5 problems. Their data of most 
students were detailed. From the observations it appeared that the students in this condition 
could manage their discussion effectively. For those who liked to start hastily, their peer 
learners often made them deliberate on planning and working out the solution. When 




resorted to the hints as just-in-time instruction. This was evidenced by the dialogues in the 
dyads. We give an example of the Spiderman problem from the video recording: 
Kaijie Liao: There is a 1200 N force applied on Dr. Ock. So his 
acceleration should be a=1200N/90Kg and we can calculate the distance 
he moves.  
Lily Dai: I don’t quite agree with you.  Yes, we should first focus on Dr. 
Ock, but there is not only one force applied on him. 
Kaijie Liao: What do you mean exactly? There is definitely only one force 
applied on him. 
Lily Dai: How about his own gravity, 90Kg? 
Kaijie Liao: Yes, he has. But this has no relationship with what we are 
going to solve.  
Lily Dai: But this force is exactly in opposite direction to the force the 
claws have. 
Kaijie Liao: No. We do not need to take it into account. I think we should 
use 1200N as the only force applied on Dr. Ock…. 
Lily Dai: So, let’s read the hints and find out if they can help us. 
(They chose Hint 2 for help, and read for a while). 
Kaijie Liao: Ok, I see there were two opposite forces applied on Dr. Ock, 
and we can only use the net force to calculate the acceleration, and it 
should be 1200N-mock*g… Yes, I see it now, it is the gravity. You are 
right. 
 
Implementation in condition CL (collaborate on problem-solving without hints) 
Most of the students finished the six problems in time and had a few minutes to spare 
in each of the six lessons. Only 64 percent of students answered at least 5 problems correctly. 
However, most of the students could illustrate physical variables as required in a diagram or 
scheme. The log sheets show that most of the students could find correct equations for the 
problems but about one third of the students used the equations incorrectly while others 
planned it improperly. The log sheets of the students mirrored that some had tried incorrect 
solutions to get the answers. The observations and videotapes showed that the students 
interacted actively. However, it is worth noting that in this condition collaboration could easily 
change into one-sided interaction, which can be evidenced by the following videotaped 
dialogue between students: 
Zhenghong Wu: The distance Dr. Ock moves should be S=1/2g*t2. So we 
can …   
Shan Jin: I wonder whether this is right, S=1/2g*t2. I think, maybe the 




Zhenghong Wu: What is it exactly? Of course, it should be the constant.  
Shan Jin: But there are two forces executed on Dr.Ock, not only his own 
gravity. 
Zhenghong Wu: Yes, that’s right. But these two forces are in the same 
direction, so we do not need to take them into account.  
Shan Jin: Are you sure? 
Zhenghong Wu: Yes, believe me. I am totally sure.  
Shan Jin: Okay, okay. I follow what you’ve said. Anyway, you did better in 
physics than I.    
 
Implementation in condition I+H (solve problems individually with the help of hints) 
Most students in this condition finished their problems well before the lesson time 
ended. The majority (78%) of the students solved at least 5 problems correctly, and the 
episodes were well described. The other students especially failed in executing the solution 
plan the hints indicated. The log sheets show that in the first two episodes most of the 
students could draw up a diagram and find a correct solution plan. The students in this group 
took the hints frequently. The log sheets show the students often improved their solutions 
after looking into the hints. We asked some students to think aloud and solve a problem. 
Here is an example we videotaped: 
Junhua Zhang: Three variables, Spiderman, baby and Dr. Ock…which 
should be solved firstly? Spiderman?  
(He thought for a while.) 
Junhua Zhang: Yes, I think so, because we need to know his distance 
and then the falling speed. En…but the information here is not enough to 
solve the distance. Huh…. 
(He picked up hint 3 for help.) 
Junhua Zhang: From the hint, I should first solve how many seconds Dr. 
Ock needs to catch the baby. So I should first begin with Dr. Ock, not 
Spiderman.  
(Then he began to calculate the variable for Dr. Ock. But soon he 
encountered another problem. ) 
Junhua Zhang: But what comes next?  
(He thought it over, and picked up the same hint once again. He read for 
a while. ) 
Junhua Zhang: Oh, I see, the time is important. First calculate the force 
applied on Dr. Ock, and then how many seconds he needs to seize the 
baby. And based on this calculated time, we can infer the distance baby 




drawn, and then that will be easy to know the initial speed of Spiderman. 
It looks like a reverse method of mine.  
(Then, he went on calculating without taking hint 3 any more.) 
From our observations we conclude that the think aloud protocol of Junhua Zhang is 
typical of students in this group. They spent much time reading hint 2 recalling the equations 
they need and hint 3 about making a plan. However, very few of them did check their answer 
as required in the last episode named “Verify”.   
 
Implementation in condition I (students solve problems individually without hints) 
Most students of this group needed all of the lesson time. Many students in this 
group did not fill in their log sheets completely. Only 52 percent of the students finished the 
problems in due time and gave correct answers. The other students could not finish 
answering the problems as required. Most of these students experienced hindrances at the 
beginning episodes. They understood the problems and made a scheme or a diagram but 
failed to recall or choose the right equations and theorems in order to make a solution plan. 
Some of these students therefore used inappropriate or incorrectly remembered equations. 
The use of time on the episodes differed greatly among the students. Some used only 5 
minutes on the first episodes speculating for correct equations and once they had decided on 
a solution plan they would follow it up even if it led to totally incorrect answers. Others spent a 
long time on one episode and could not finish their solution in time.  
 
2.4.2 Learning outcome 
In Table 2.1 the means of the students of the four conditions are shown. The 
students were randomly assigned to the conditions, so we would not expect a significant 
difference between students of the four conditions on their knowledge of solving physics 
problems about forces and movement in the pre-test. To ensure that the students of the four 
conditions do not differ on the pre-test, an ANOVA was conducted with the two conditions 
(each with two categories) and their interaction as independent variables and the pre-test 
score as dependent variable. No significant differences were found (test for the collaboration 
condition: F(1,95)=0.02, p=0.89; for the hints condition: F(1,95)=0.01, p=0.91; for the interaction 





Table 2.1 Pre-test and post-test means with standard deviations for four conditions 
  Mean pre-test 




(scale 0 - 40) 
std. dev. 
Collaboration with hints 8.12 7.40 26.88  8.10 
Collaboration 9.80 8.45 26.52  10.63 
Individual learning with hints 9.39 8.01 27.57 14.84 
Individual learning 8.08 7.82 18.92  13.56 
  
To examine the differences of the treatment effect, an ANCOVA was conducted. The two 
conditions (each with two categories) and their interaction are independent variables, the pre-
test is the covariate and the post-test score is the dependent variable.  We use a covariate to 
control for small differences between the students of the four conditions that may confound 
the effect of the experimental condition. The effect of this covariate, however, is not 
significant (F(1,94)=2.39, p=0.13). 
The post-test means of the students of the four conditions are shown in Table 2.1. 
The ANCOVA showed that the main effect of the collaboration condition was not significant 
(F(1,94)=2.03; p=0.16), the effect of the hint condition was nearly significant (F(1,94)= 3.62; 
p=0.06), and the effect of the interaction between the two was not significant (F(1,94)=2.48, 
p=0.12). 
As the differences in means between the four groups in Table 2.1 indicate, a further 
contrast analysis showed only a significant difference between conditions CL+H, CL, I+H on 
the one hand and condition I on the other hand (contrast estimate -3.9; p<.05).  
 
Research Question I: Does collaborative learning without hints improve students’ problem-
solving learning more than individual work without hints? 
This question is about the hypothesis that collaborative problem-solving as such and 
without extra help, leads to better learning outcome than individual problem-solving. The 
mean and standard deviation of post-test scores for those learning collaboratively are 26.52 
(10.63) and their counterpart in individual learning group scored 18.92 (13.56). A significant 
difference between these two groups was found in the contrast analysis.  
From the interviews with the students from the two “collaborative learning” groups it 
appeared that they had enjoyed the program although they had never experienced 
collaborating learning in scientific disciplines yet. Prior to that, collaborative learning was only 
used in Chinese writing courses to pool possible viewpoints on a certain topic. From their 
peer learner, they have learnt that there are various solutions to one problem. Collaboration 
encouraged a free flow of ideas, and deepened their understanding of the problem since they 
had to spend more time on analyzing the problem than they probably would without a peer. 




particularly when the equations were discussed with their peer learner. 
 
Research Question 2: Does individual learning guided by hints improve students’ problem-
solving learning more than individual learning without hints? 
This question is about the hypothesis that individual learning with the use of hints, 
leads to better learning outcome than individual problem-solving without hints. The mean and 
standard deviation of the post-test scores for those learning with hints was 27.57 (14.84), 
much higher than those learning without hints 18.92 (13.56). A significant difference between 
students “learning with hints” versus students learning “without hints” was found in the 
contrast analysis.  
In the interviews students who studied by using hints, agreed that hint 2 (Explore) 
was important for recalling the related equations and theorems. Hint 3 (Plan) and 4 
(Implement the plan) were of particular importance to help with their solving efforts and to 
avoid being on the wrong way. Psychologically, they felt much better when they were aware 
of hints at hand. They did not use hint 5 (Verify) very much.  
Research Question 3: Does collaborative learning guided by hints improve students’ problem-
solving learning more than collaborative learning without hints? 
This question is about our main hypothesis that collaborative problem-solving with 
hints leads to better learning outcome than collaborative problem-solving without hints. From 
prior research we knew that scripted collaboration has better learning effects, but we had no 
indication that scripting collaboration with hints could improve learning. The post-test scores 
of those learning collaboratively with hints are 26.88 (8.10), these are only slightly higher than 
those learning collaboratively without hints” 26.52 (10.63). The contrast analysis revealed that 
the difference between these two groups was not significant. So, from the mean post-test 
scores it can not be concluded that collaboration guided by hints excelled collaborative 
learning without hints.  
 
2.5. Discussion and Implications 
 
2.5.1 Discussion 
We structured a collaborative learning environment by converting Schoenfeld’s 
problem-solving strategy into a sequence of activities students had to do.  We wanted 
students to follow a script and put in hints with each episode in order to provide scaffolding 
that could cause knowledge convergence between students (Weinberger et al., 2001). Our 
research shows a relationship between explaining and discussing a problem between 
students and their growth in problem-solving abilities. As expected in our hypotheses 1 and 2 




individual learning with hints improve students’ learning outcomes. Very little is known about 
how to design effective collaboration environment for solving physics problems more 
effectively than structured individual learning environments (Nelson, 1999). Structuring of the 
collaborative process is needed, but to what extent? Can the structuring of collaborative 
learning be of the same kind as structuring of individual learning? The outcome of our 
research suggests this is not the case. Individual learning can be improved by structured 
hints that provide detailed instruction of what to do in episodes of problem-solving. We saw 
that in this study just as in previous research (e.g. Pol et al., 2005). In individual learning the 
hints function as an expert the student can resort to. However, in collaborative settings the 
expert in the background may not be effective for stimulating discussion between peers. We 
think the use of such an expert does not improve elaborative interaction and knowledge 
convergence between peers. We will discuss this further and try to explain why collaboration 
with hints had no extra effect.  
The nature of the hints: Hints designed for this study were very detailed which left 
little room for argumentation between students after the hints were taken. The hints had a 
final saying in the discussion and that is probably not good for independent thinking. The 
hints we used in this study can be characterized as ‘just-in-time-instruction’ and not as ‘meta-
cognitive suggestions to solve a problem’. Just in time instruction will be effective for students 
working alone who do not know how to proceed. For students working in a group we probably 
better use suggestions that stimulate them to form their own strategies. That may be one of 
the reasons why we did not find an extra effect for collaboration with hints compared to 
collaboration without hints. 
The nature of the interactions: In the condition CL, a number of disagreements had to 
remain. For instance, once students could not agree with each other, they were inclined to 
end their discussion and frequently with such words as “Ok, I am not good at physics, so I 
follow what you’ve said.” In the CL+H condition students kept a dialogue going and referred 
to the hints if they did not agree or did not know how to proceed. In CL+H, most of the 
students did verify and discuss their solutions. This was less so in the CL condition and still 
less in the I+H condition. So, it seems that collaboration with hints has at least some effect on 
students’ problem-solving behaviour. Although these differences in problem-solving 
behaviour did not result in higher post-test results it does show that condition CL+H had 
some of its intended results. In order to investigate the effectiveness of the interactions 
between the collaborating students the dialogues of the students can be analyzed. 
Argumentation and reasoning next to questions and proposals will be important components 
of effective communications between students. Dialogues with these components will 
structure the solution approach and will stimulate the growth in problem solving abilities.    
The allocated time: In the interview, students in the collaborative with hints condition 




discussions with their peer learner. Within the limited experimental period, they could not 
develop a routine in combining these two sources of information.  
Group formation: Students in the interview wished to find their peer learner by 
themselves. In the two collaboration groups, we’ve observed that each pair spent a certain 
amount of time in getting familiar with each other.  
 
2.5.2 Implications 
Though our research did not bring a clear indication of how to structure collaborative 
learning more effectively, it showed the value of hints when learning individually and the 
value of collaboration as compared to learning individually. We feel there are some important 
points to be made out of our research for designing collaborative environments, especially 
when using CSCL as we plan to do.  
First of all, the verbal dialogues of students have to be traced and explored in a 
future study. In a computer environment conversations between students can be logged, as 
well as hints used and drawings made. With the help of these data we may analyze the 
communication functions students use in collaboration conditions with and without hints and 
study effective interaction patterns for the development of problem solving abilities (Erkens et 
al, 2003).  
Secondly, in the collaboration condition the nature of the hints should be changed. 
The hints should not be used as an expert students can refer to as soon as they do not know 
how to proceed, but provoke further discussion with suggestions for drawing a schema, 
making a diagram or making a plan with equations. The hints should provide diagrams with 
less details and suggestions about how to proceed. We expect this type of hints to stimulate 
discussion among the students (Suthers, 2001). In CSCL one may offer students a computer 
screen with a common area where students can drag and drop a diagram and make 
alterations or add extra information (Erkens et al., 2003; Van Someren, Reiman, Boshuizen & 
De Jong, 1998). Especially in the collaborative condition hints should induce students to tap 
their own knowledge reservoirs and to share what they know. Students should be able to 
follow on screen what their peer is doing and communicate with each other in text and in 
audio.   
Thirdly, the collaborative script should be tailored to the student’s level. Students 
should be allowed to work some time individually first and than put forward their ideas on 
screen. The episodes should be used as points for idea generating and discussion, to make 
sure all necessary ingredients are there to solve a problem systematically. During their 
mutual elaborations students can exchange the ideas they have worked out for themselves. 
Students should be allowed to use the suggestions in the hints of the program which can help 
them to confirm they are on the right way or put them on the right track. Students have to be 







should be allowed to develop a kind of working relationship that suits them best. They may 
deviate from the script as long as they elaborate and exchange ideas (Fischer & Mandl, 2001) 
Furthermore, the time of this experiment (6 lessons) was probably too short for the 
students to develop a personal or mutual strategic approach to the problems. The period was 
also too short to develop collaborative routines. In Table 2.1 we can see that on average the 
students in the experimental conditions could only reach about 70% (27 out of 40 points) of 
the scale on the post-test. A series of lessons with problem-solving opportunities is needed. 
Therefore, it is intended to extend the program.  
Lastly, a common interest and mutual understanding between peer learners are 
crucial to effective collaboration. It is advised to create groups taking into account not only the 
difference in prior knowledge of the students but also the preferences of students for a peer 




Gender Difference in Collaborative Learning and 





This empirical study explores the gender difference in two heuristic 
methods: collaborative learning and individual learning with hints. We 
constructed four experimental conditions: collaborative learning with hints, 
collaborative learning without hints, individual learning with hints, and 
individual learning without hints. Ninety-nine students from a secondary 
school in Shanghai participated in the study which had a pre- and posttest 
design. Besides the individual learning without hints condition, we found a 
significant gender difference in the collaborative learning without hints 
condition within which male students outscored female students. But this 
was not the case in the other two conditions: collaboration with hints and 
individual learning with hints. Based on these results, some suggestions for 
future research and practical implementation are offered.  
 
3.1 Introduction 
Problem solving skills encompass a vast range of activities including higher order 
thinking skills such as visualization, association, abstraction, comprehension, manipulation, 
reasoning, analysis, synthesis, generalization – each needing to be ‘managed’ and 
coordinated’ (Garofalo & Lester, 1985; Polya, 1957). Solving problems depends not only on 
the proficiency in recalling an equation or doing some symbol manipulation, but on systematic 
analyses of problem information, syntheses of various solving methods and critical reflection 
on the answer.  
 
 
2. This chapter is based on Ding, N. & Harskamp, E.G. (2009) Gender Difference in Collaborative Learning and Learning 




Physics education needs to be geared toward helping students develop a more flexible 
understanding of concepts and principles in order to solve novel problems (Henderson & 
Dancy, 2004). However, it is frequently reported that students have trouble in hypotheses 
setting, knowledge representation, planning and monitoring the process (de Jong & van 
Joolingen, 1998), and cannot relate their algebraic manipulation to the given problem 
situation (McDermott & van Zee, 1985). They may have the necessary prior knowledge but 
still get lost in problem solving (Sfard, Neisser, Streefland, Cobb & Mason 1998). King (1990) 
pointed out that students do not spontaneously generate highly elaborate explanations or 
questions on their own. Many students see problem solving as an independent process, 
largely unaware of the concepts and principles being taught (Heller & Hollabaugh, 1992). 
They tend to use taught procedures uncritically, seeking for a specific formula suiting the 
given problem situation and going on mathematical “wild goose chases” (Schoenfeld, 1992; 
Sherin, 2001).  
With an attempt to improve students’ problem-solving performance in physics, 
researchers have tried various instructional strategies. For example, Heller and Reif (1984) 
suggested to use explicitly taught strategies to structure students’ problem solving process. 
Heller, Keith and Anderson (1992) have also recommended collaborative problem solving as 
a way to enhance students’ performance. Both methods hinge on the constructivism 
stressing that knowledge is constructed through the experience that the learner negotiates 
with the object and develops the metacognitive abilities to direct own learning. In the past 
twenty years, both collaborative learning and individual learning structured by strategies are 
widely adopted in classroom instruction. However, research of Heller and Hollabaugh (1992) 
indicated that female and male students may benefit differently from collaborative problem-
solving. There raises a question in practice, which method is better in closing the gender gap.  
This article reports on a study that investigates the effect of collaborative learning and 
instructional strategies on students’ learning achievement, and explores whether a new 
heuristic method, structured collaborative learning, helps alleviate the gender gap in physics 
problem-solving. In the sections that follow, we will elaborate on the theoretical and empirical 
support of collaborative learning and instructional strategies, respectively. Subsequently, we 
will give an account of the methodology of the experiment. Following this, the results and 
several case studies will be given. Finally, some suggestions for future research and practical 
implementation will be offered.  
3.2 Collaborative Learning 
Collaborative learning refers to a heuristic methodology that students engage in a 
common task, working jointly to co-construct the meaning or solve the problem. The value of 
collaborative learning is recognized due to the notion that while explaining a problem to peer 




1990; 1993). Teasley (1995) finds that dialogs between students working in dyads are more 
elaborative than those of students working individually. Many studies have pointed out that 
collaborative learning is an effective way to enhance students’ learning performances 
(Finnegan & O’Mahoney, 1996; Johnson & Johnson, 1994; Hohmann, 1997; Nelson, 1999; 
Miyake, 2006). Interpersonal interaction makes managerial decisions overt (Schoenfeld, 
1983), exposes each participant to different perspectives (Miyake, 2006), and efficiently 
addresses the difficulties that students encounter. Duit, Roth, Komorek and Wilbers (1998) 
have found that students’ social interactions in science classrooms are positively related to 
their learning achievement. Students working in dyads generated more elaborative answers 
than those working individually (Schwartz, 1995; Teasley, 1995). One partner adds a 
significant contribution to the discourse that develops another person’s idea, and reversely 
he/she can gain a greater conceptual clarity for himself/herself (Damon & Phelps, 1989).  
Collaborative learning is assumed to appeal to both male and female students (Heller & 
Lin, 1992; Johnson & Johnson, 1993; Kahle & Meece, 1994). However, some studies have 
clearly pronounced a notable gender difference in collaboration. For instance, females are 
more likely to hedge, qualify and justify their assertions (Fahy, 2003; Smith, McLaughlin, & 
Osborne, 1997) while males tend to assert their opinions strongly as facts (Blum, 1999; Fahy, 
2002). Females try to avoid conflict and seek support, agreement and suggestions (Johnson 
& Johnson, 1990; Kahle & Meece, 1994; Maltz & Borker, 1985; Tannen, 1994). In 
collaborative problem-solving, males tend to monopolize the discussion, being seen as the 
primary source of help. Yates (2001) found that the males talk more and longer, and they 
tend to take more turns than females. Taking the gender issue into consideration, we may 
say that collaborative learning runs the risk of a gender gap in physics learning with a 
disadvantage for female students.  
 
3.3 Instructional Strategies 
In traditional physics classrooms, lecturers demonstrate how they solve a problem and 
ask the students to model. Students tend to be passive observers with limited opportunities to 
develop own reasoning and representations. Previous research has demonstrated that simply 
engaging in some numerical calculations does not imply a corresponding improvement of 
problem-solving skills (Kim & Pak, 2002; Pride, Vokos & McDermott, 1998). Structured 
problems-solving is deemed as a way out with regard to enhance students’ performance and 
conceptual understanding (Maloney, 1994). Webb (1989) found that giving elaborate help 
stimulates students’ reorganization and awareness of knowledge gaps, and this leads to a 
more elaborate knowledge-processing. Van Heuvelen (1991) suggested providing students 




Heller et al (1992) have demonstrated that students profit from a step-by-step strategy in 
solving problems independently.  
Maloney (1994) summarized that successful students’ problem-solving strategies 
should contain conscious qualitative analysis of a problem, making a sketch of the problem, 
restating the problem in one’s own words and a conscious review of equations or theorems 
that fit the problem. Schoenfeld (1992, 1994) developed a strategy consisting of five episodes. 
Although Schoenfeld’s strategy originates from solving mathematical problems, it fits the 
physics problem-solving scenario very well.  The episodes refer to read, analyze the problem 
(analyze), activate relevant knowledge to solve the problem (explore), make a plan (plan), 
carry out the plan (implement), check the answer (verify). Schoenfeld stressed that one 
should not dictate strict and linear problem-solving steps. Students need ample room to 
develop an individual problem-solving strategy. In order to teach them to be conscious users 
of the episodes, Schoenfeld used some procedural questions such as: Can you make a 
scheme of this problem? What procedure do you know that could help you? Have you made 
a plan? Did your solution answer the question? In responding to these questions, students 
reflect on their use of the episodes and develop self-confidence (Schoenfeld, 1994).  
Due to the explicit advantages of instructional strategy, Heller and Lin (1992) 
conducted a study concerning gender differences in university physics introductory 
education. They found that female students could perform equally well as male students 
when they were taught how to use an explicit problem-solving strategy in a cooperative 
learning environment. It seems that an instruction of explicit problem-solving strategy may 
help close the gender gap in physics learning. But this claim still needs formal testing.  
The aim of this study was to examine the gender difference in both collaborative 
learning and individual learning with some instructional help. Besides, it aimed at probing 
whether structuring students’ collaboration through the instructional help contributes to 
closing the gender gap. Generally, it is hypothesized that individual learning with instructional 




The study was conducted in a secondary school in Shanghai, with a sample of 99 
students. They were from two eleventh-grade classes taught by the same physics teacher. 
The school ranked among the top-five best schools in Shanghai. Students in the study were 
around the age of 17, coming from families with a wide range of occupations, incomes, and 
educational levels. There were 54 female students and 45 male students. They were 
randomly assigned to four experimental conditions. Within Condition CL+H and CL, students 




Table 3.1: Experimental Design 
 






Condition CL+H (n=26):  
students were required to 
collaborate on problems with 
the help of hints 
Condition CL (n=24):  
students were required to 




Condition I+H (n=24):  
students were required to 
work on problems 
individually with hints 
Condition I (n=25):  
students were required to work 




This was a randomized pre- and posttest design study. Prior to the pre-test, there 
was a 45-minute pre-flight training. The aim of the pre-flight training was to instruct students 
how to work with the log sheets. First, we asked all participants of all conditions to watch a 
20-minute video clip in which a dyad was working a physics problem with the log sheets. In 
the video tape, two students solved a physics problem concerning forces while discussing 
their ideas following the episodes of problem solving. After that, all conditions were given a 
sample problem to practice. During their problem-solving, students in condition CL+H were 
given a brief instruction about how to use hints to structure their collaboration. Students in 
condition CL were instructed how to fill in the log sheets jointly. Students in I+H were given an 
instruction concerning how hints could structure their problem-solving and how to use the log 
sheets. Students in condition I were also given a sample problem, but didn’t receive any 
instructional guidance. On the next day, the pre-test was administered to all participants. It 
took one hour and consisted of two problems. Then, students were assigned into the 
aforementioned conditions. There were six experiment sessions. In each session, students 
were asked to solve one moderately-structured physics problem within 50 minutes. Students 
in all four conditions were given answer sheets. They were required to fill in the five episodes 
to show how they solve the problems (Table 1). They filled in the sheets for each problem. At 
the end, students were given a worked out example as the final judge of their solution. On the 






Both pre- and post-test were paper-pencil test, consisting two moderately-structured 
problems concerning Newtonian mechanics. Problems in experiment sessions, pre- and post-
test were selected from the database of the school physics education, with a similar degree 
of difficulty. Both the pre-test and post-test were given in open-question format. Responses 
on each episode were given from 0 points (no information) to 5 points (correct and detailed 
information). The students were required to give information about four episodes: analyze, 
explore, plan and implement. In total 20 points for each question could be gained. Since 
students in both pre-test and post-test were asked to solve the problems individually, the final 
stage, verifying the solution, was not taken into account. Figure 3.1 is the sample problem.  
 
The Spiderman problem: 
A child weighing 12 kg fell down from a window at 52nd-floor 
which is 171.6-meter high. It is immediately spotted by 
Spiderman and Dr Ock and they act. 
The evil Dr. Ock Teaser (90kg) at the bottom of the building 
starts climbing upwards with his six metal claws to catch the 
baby. Each claw can execute 200N force to lift him.  
Spiderman (65kg) is at the top of the skyscraper which is 
198m high. With his hairs gluing on the top of the building, 
he is flying down to save the baby.  
To save the baby, at which velocity must Spiderman fly 




Figure 3.1 Example of the problem in the experiment 
 
Answer sheet:  In each condition, students were required to fill in the answer sheets. 
Table 3.2 is the sample of the answer sheets. At the end of each experiment session, their 
answer sheets were collected by the researchers. For condition CL+H and CL, we asked 
each dyad to work on the answer sheets. There was no requirement who should assume the 





Table 3.2 Sample of the answer sheet 
Starting time: ……. Problem number ….. 
1. Read & Analyze 




Write down the equations or 





Work it out in a plan  
Answer: 
 
4. Implement Plan 
Show your calculations 
Answer: 
 
5. Verify Answer 




Ending time: …….. Comments on the process: 
 
 
From the answer sheets the researchers gathered information about the problem-
solving process in the four conditions: how many problems were solved correctly, which 
information students gave about the episodes of a problem, and the time of start and 
completion of a problem.  
 
Videotapes and observations: More qualitative process information was gathered by 
making videotapes during the program of one dyad in condition CL+H and one dyad in 
condition CL. The students’ conversations were videotaped and transcribed. Two students in 
condition I + H and condition I were asked to verbalize their problem solving activities while 
they were videotaped. Besides, one of the researchers observed the students in the four 
conditions and made field notes of the nature of their learning activities.  
  
3.4.4 Hints: 
In this research project the episodes of Schoenfeld’s approach (1992) serve as 
stepping stones for problem-solving, and are used to structure students’ learning processes. 
Students were required to work according to a script on the five episodes. The hints that go 
with each episode were on cards and numbered sequentially from 1 to 5. The hints consisted 
of a text that described the main topics in an episode and a diagram that depicted the 
problem situation.  




students. There were no unbending rules using the hints. As aforementioned, Schoenfeld 
stressed the non-linear and flexible use of problem-solving strategy. We let the students 
themselves make the decision about whether to read the hints and when to read the hints. 



















1. Problem survey (Read, Analyze) 
Students are required to verbalize the problems to identify the known and unknown 
information of the problem, and determine a general approach that is appropriate to this 
situation, such as what kind of concepts and principles will be useful in solving this problem. 
The result of their discussion can be a rough picture showing the objects, their motion and 
direction. 
2. Active Knowledge (Explore) 
Students are asked to translate their sketch into a scientific description with a 
diagram. In the diagram they define variables to calculate desired quantities. They write down 
the formula that may help to solve the problem.  The hints may be used only after the 
discussion. 
 
3. Make a Plan (Plan)     
After making a scientific description, students are asked to make a solution plan 
individually. This plan should involve the steps in the equations and rough estimates of the 
outcome. Then they are asked to put their plans together to compare. It is not necessary that 
there must be consent or one must follow the other’s plan. Comparison of the solution plan 
simply makes students aware that more than one solution is possible.  They may use the hint 
to check if they are on the right track or they may correct their solution plans if necessary. 
 
4. Carrying out the Plan (Implement) 
Students are asked to translate their own plan into a series of appropriate 
mathematical actions by substituting the numerical values into a formula and to solve the final 
equation. It is necessary for them to check regularly whether they are meeting their targets 
and revise the plan accordingly. 
5. Control of the Answer (Verify)  
Based on their answers, students are encouraged discuss their solutions. When they 
have got the same answers, they are asked to retell their solving process and check whether 
they have really arrived at the right solution. If their answers are different, they should 
determine whose is correct or complete. They are also asked to reflect on what they had 
learnt for future problems and tasks, and what kind of strategies are more efficient and can 
be adopted later on. 
 
3.5 Results 
3.5.1 Implementation of the treatments 
Ninety-nine students took part in the introduction course, the pretest, six experiment 




seemed to spend more time on the task than did those in other conditions. In each session, 
they asked for an extension to finish their discussion. Although the number in our sample was 
limited, reviewing their answer sheets can offer a general picture about the problem solving 
process. From their answer sheets, we found that CL+H and CL had some traits in common. 
Firstly, in both conditions, the female-female dyads generated the most detailed descriptions. 
Their descriptions were organized in an orderly fashion. Within the dyad, the female students 
took turns to fill in the answer sheets. None of the dyads skipped any of the episodes. In 
contrast, the descriptions of the solution process on the answer sheets of the male-male 
dyads were less orderly. One dyad seemed to “doodle” the answer sheets from the first 
experimental problem till the last. Neither of the dyads filled in the episodes completely. 
Secondly, we found that the female-female dyads gave the least pictorial descriptions in both 
conditions. Female students tended to represent problem information verbally. Very few 
pictorial representations were found in the female-female dyads’ answer sheets.  
Condition CL+H and CL were also different in the following aspects. Generally, the 
answer sheets of Condition CL+H were more detailed and more neatly organized than those 
in Condition CL. In Condition CL, dyads tended to skip the first and the last episode, namely, 
analyzing the problem and reflecting on the answer. By contrast, dyads in CL+H filled in each 
episode with detailed description. We noticed that, in condition CL, the mixed-gender dyads 
were less likely to take turns filling in the answer sheets. The student who filled in the answer 
sheets for the first problem would stay with the task until the last experimental problem. 
Normally it was the male student that assumed the task of completing the answer sheets. But 
in condition CL+H, some female students filled in the answer sheets.  
There were fourteen female students and ten male students in Condition I+H. In each 
session, there were always two or three male students asking to hand in their answer sheets 
earlier, but no female student asked to leave early.  The male students also asked for the 
possibility of getting problems for the next experimental session. Looking into their answer 
sheets, we found that females gave the most detailed and orderly accounts of their problem-
solving processes among all conditions. In contrast, males in Condition I+H were more likely 
to use pictorial presentations to illustrate their solutions. When reading a problem, they 
tended to convert the verbal information into schemas. Some of their schemas did express a 
plethora of words in one economical format, but some were illustrated too simply and 
randomly, running the risk of blurring the logical relationships among variables. Moreover, all 
female students have used the hints during the experiment sessions, but there were three 
male students that never touched the hints in front of them.  
In Condition I, there were eleven females and fourteen males. Males seemed to be 
the fast problem-solvers. In each session, half of them spent less than fifteen minutes on 
each problem. Very few male students stayed in the classroom till the session ended. The 




orderly, and were pictorial and economical in nature. As for females in this condition, we 
noticed that a lot of episodes of their answer sheets were left blank. Their problem analyses 
and solutions were neat, but often lacked logical organization. Males in Condition I seemed to 
be the “rash” problem-solvers, handing in their answer sheets quickly.  
 
3.5.2 Learning Achievement 
In order to answer the research questions, we looked into student’s pre and posttest 
learning achievement. The means and standard deviations of students’ pretest and posttest 
scores are shown in Table 3.3.  
 
Table 3.3: Pretest and posttest means with standard deviations for the four conditions 
  Pretest 
(scale 0 - 40) 
Posttest 
(scale 0 - 40) 
Females (n=15) 8.27 (8.38) 24.53 (9.42)* 
males (n=11) 7.91 (6.20) 30.09 (4.48) 
Condition CL+H 
(Collaboration with hints) 
Total (n=26) 8.12 (7.40) 26.88 (8.10) 
Females (n=14) 8.40 (7.23) 22.53 (10.45) 
Males (n=10) 11.90 (10.05) 32.50 (8.06) Condition CL 
(Collaboration) 
Total (n=24) 9.80 (8.45) 26.52 (10.63) 
Females (n=14) 10.67 (8.10) 30.07 (12.63)* 
Males (n=10) 8.12 (8.22) 22.88 (18.30) 
Condition I+H 
(Individual learning with hints) 
Total (n=24) 9.39 (8.01) 27.57 (14.84) 
Females (n=11) 5.78 (6.94) 8.89 (12.13) 
Males (n=14) 9.38 (8.20) 24.56 (11.01) Condition I 
(Individual learning)  
Total (n=25) 8.08 (7.82) 18.92 (13.56) 
Females (n=54) 8.39 (7.68) 22.91 (12.86) 
Males (n=45) 9.36 (8.08) 27.38 (11.26) 
Total 
 
Total (n=99) 8.83 (7.84) 24.94 (12.30) 
* indicates a significant difference with females in Condition I.  
 
For students’ learning achievement, we first checked whether there was a difference in the 
female and male students’ pretest performances between the conditions. Analysis of variance 
(ANOVA) with two “conditions”(collaboration or individual learning; with or without hints) and 
“gender” as the independent variables, and “pretest” as the dependent variable was 




for the “condition” (F(1,91)=.22, p=.64), nor for the hints condition (F(1,91)=.03, p=..87). There 
were no two-way or three-way interaction effects for pretest results, either.  
 This study examined the gender differences in collaborative learning and the use of 
hints and its effects on students’ learning achievement. First, with students’ posttest scores 
as the dependent variable, pretest scores as the covariat, the analysis of covariance 
(ANCOVA) test was performed on the two independent variables: collaborative learning or 
individual learning, with hints or without hints. The analysis showed that both collaborative 
learning and the use of hints had a significant main effect with F(1,91)=6.42, p<.05 and 
F(1,91)=4.32, p<.05, respectively. There was also a significant interaction effect between 
collaborative learning and the hints condition, F(1,91)=4.70, p<.05.  
Next, to examine the gender difference in the conditions, we looked into the 
interaction effect of variables: collaborative learning or individual learning, with or without 
hints, and gender. It was found that the three-way interaction effect (collaborative 
learning*hints*gender) was significant, F(1,91)=4.04, p<.05 This indicated that gender might 
play a role in some conditions. In order to gain an insight into the gender difference, we 
carried out a pair-wise comparison with Bonferroni adjustment.  
For female students, those in condition CL+H outscored those in condition I 
significantly, F(1,24)=12.52, p<.01. Females in condition CL also did better than their 
counterparts in condition I, F(1,24)=8.51, p<.05. So did females in condition I+H. They 
outscored females in condition I, F(1,24)=16.29, p<.01. But for male students, the difference 
between the conditions were not significant, F(3,45)=1.75, p>.05.  
Within each condition, we examined the gender differences. In both condition CL+H 
and CL, male students outscored female students. But only the difference in condition CL 
was significant, F(1,24)=6.48, p<.05. In condition CL+H, there was no significant gender 
difference in their posttest, F(1,25)=3.26, p>.05. In condition I+H, female students seemed to 
outscore male students. But the difference was not significant, F(1,22)=1.24, p>.05. In 
condition I, we found a significant gender difference with female students at a disadvantage, 
F(1,24)=10.87, p<.01.  
With respect to the research question, whether there is gender difference moderated 
by collaborative learning or hints, in our experiment we have found a gender difference in 
learning performance on posttest in two conditions: condition CL and condition I. In both 
conditions, female students were at a disadvantage. It is worth mentioning that within these 
conditions female and male students’ scores were not significantly different for the pretest. 
But after six experiment sessions there appeared to be a significant difference. But when 
students learning individually or collaboratively with hints at hand, there was no significant 





3.6 Conclusion  
It seems to be a global problem that physics addresses the largest gender gap in 
school practices. Males tend to outscore female students in physics (Sadker & Sadker, 1994), 
and females drop out of physics-related majors at a higher rate than do males (Garratt, 1986). 
In high schools, males outnumber females in scientific subjects, and physics shows the most 
problematic gender gap (Lorenzo, Crouch & Mazur, 2006). It is well established that both 
collaborative learning and individual learning with some instructional help are more effective 
in improving students’ learning performance than individual learning alone. But research into 
whether they are equally effective for male and female students is rare.  
The aim of this study is twofold. First, it examines the gender difference in these two 
heuristic methods that are frequently used in current classroom practice. We found that on 
the pretest there was no significant difference between students in four conditions. But after 
six experiment sessions, in condition CL and condition I there appeared a significant gender 
difference. This finding is in direct contradiction to much of the previous literature that backs 
up cooperative learning for smoothing out the gender gap (e.g. Walker, 1997, Chase & Okie, 
2000). Our analyses of students’ answer sheets and the case study provided some 
information about the likely causes. First of all, female and male students seemed to have 
different ways of representing information. Males were more likely to use pictures to 
represent the relationship of variables, while females tended to describe them in words. 
Second, female students’ problem-solving process tended to be influenced by their partner 
gender. The female-female dyads seemed to get involved in problem-solving task more than 
females in the mixed-gender dyads. In condition CL, we found that the task of completion of 
the answer sheets was always assumed by the male students.  
In condition I+H (individual learning with hints), the difference between female and 
males’ learning achievement was not significant. It seems that individual learning with hints 
may help to smash the gender gap in physics problem-solving in particular. Hints help 
students discover their misconceptions and organize their thinking. Our analyses of students’ 
answer sheets in this experimental condition showed that females’ problem analyses were 
logical and accurate. The females’ answer sheets showed that they were actively involved in 
hint reading. Hints were used as just-in-time instruction promoting females’ internalization of 
knowledge. Learning with the use of hints may make female students feel free to try and 
develop their own methods. The observation of the experiment sessions suggested that 
females paid more attention to the hints than did male students.  
The second aim of the study was to explore the possibility to structure students’ 
collaborative learning through hints. We provided each dyad in condition CL+H (collaborative 
learning with hint) five hints that were compiled on the basis of Schoenfeld’s problem-solving 
strategy. Students were asked to read the hints on self-selection. In comparison with 




difference between female and male students. Structuring students’ collaborative problem-
solving through well-designed hints seemed to be a way out to alleviate the gender gap in 
physics learning. With regard to the two instructional methods, collaborative learning and 
individual learning with some help, we may conclude that learning from a peer learner might 
increase gender difference in learning performance, while learning individually from 
instructional materials might close the gender gap. If we intend to smash the gender gap in 
collaborative learning, we may try providing some instructional help for the dyad or group. 
This may give the female students more confidence in developing own solving strategies.  
Students in Condition I did not receive any help from peer learners, the teacher or 
from instructional materials. During the four-week experiment they solved problems 
individually. Giving students problems without providing any help is used in most physics 
classrooms. Students usually receive home assignments from the teacher and are asked to 
solve the problems individually without any help. Teachers commonly believe that the more 
exercises students do, the higher the scores they will get and the greater their improvement 
in problem-solving skills. From our study we’ve seen that individual learning without any help 
is the least effective way for female students. In the study, female students did not 
significantly lag behind male students in the pretest. But after the six experiment sessions, 
the gender difference was evident. Males scored significantly higher than females in the 
posttest.  
These findings shed light on current research on science teaching and practical 
classroom instruction. In traditional whole-class instruction, teachers tend to treat female and 
male students in a uniform way. Males contribute noticeably more than females by raising 
their hands or speaking up in class. In contrast, females receive scant attention due to their 
non-assertiveness. Both education researchers and practitioners need methods that tap into 
the potential of females so as to narrow this gender gap. Therefore, we propose three 
suggestions for secondary school physics instruction.  
Suggestion 1: Design instructional help for students’ problem-solving learning and give the 
girls more chance to learn with the help of hints. 
Suggestion 2: Prompt students to collaborate with each other in problem-solving, but plan 
carefully to avoid the male monopolization in discussion.  
Suggestion 3: Never let female students face the problem without any aid.  
 
3.7 Discussion 
While we believe strongly in the validity of our study, we do recognize its limitations. 
One is the sample size. Examination of students’ answer sheets indicated that the interaction 
might vary with gender composition in the collaborative conditions. Some previous research 




Some have claimed that mixed-gender pairing affords the opportunity to close the gender gap 
(Slavin, 1995; Johnson & Johnson, 1994), while some have pointed out that single-gender 
grouping is more suitable for female students (Siann, Durndell, Macleod & Glissov, 1988; 
Barbieri & Light, 1992). In the current study, there were five mixed-gender, five female-female 
and three male-male dyads in condition CL+H, and five mixed-gender dyads, five female-
female and two male-male dyads in condition CL. We have noticed that, in condition CL 
(collaboration without hints), the pretest scores of females in the mixed-gender dyads were 
almost the same as their male partners, but in the posttest they markedly lag behind. 
Similarly, in condition CL+H (collaboration with hints), males in the mixed-gender dyads 
outscored their female partner in the posttest. However, Due to the limited number of dyads 
in both conditions, it was inadequate to statistically examine the difference of dyads gender 
composition. We suggest researchers to explore the differences in mixed versus single-
gender collaboration. If this difference could be detected, it would be interesting to test 
whether students’ problem-solving process was influenced by their partner gender. In the 
future research, we may further to explore how to relate these differences in problem-solving 
process with students’ learning achievement.    
Another limitation was the scope of the program in our study. Because this program 
lasted only for six sessions and tested only the students’ academic achievement, we were 
unable to assess the students’ development of problem-solving skills in science. In future, it 
would be necessary to conduct a more extensive study, testing students’ problem-solving 
skills as they develop in different cooperative and individual settings. In this regard, the delay 
posttest design is favored.  
Finally, these differences between female and male students in terms of self esteem 
and communication style in secondary school science education are also evident in Western 
nations (Sanders & Nelson, 2004). But we are still interested in knowing whether the results 
of this study really can be generalized to secondary schools not only in China, but also in 







How partner gender influences female students’ 




Research has shown that female students cannot profit as much as male 
students can from cooperative learning in physics, especially in mixed-gender 
dyads. This study has explored the influence of partner gender on female 
students’ learning achievement, interaction and the problem-solving process 
during cooperative learning. In Shanghai, a total of fifty students (26 females 
and 24 males), drawn from two classes of a high school, took part in the study. 
Students were randomly paired, and there were three research groups: mixed-
gender dyads (MG), female-female dyads (FF) and male-male dyads (MM). 
Analysis of students’ pre- and post-test performances revealed that female 
students in the single-gender condition solved physics problems more 
effectively than did those in the mixed-gender condition, while the same was 
not the case for male students. We further explored the differences between 
female and male communication styles, and content among the three research 
groups. It showed that the females’ interaction content and problem-solving 
processes were more sensitive to partner gender than were those for males. 
This might explain why mixed-gender cooperation in physics disadvantages 
females in high schools. 
 
4.1 Introduction 
In high schools students tend to solve science problems mechanically. They focus on 
sample problems, search for the correct formula and simply plug numbers into the formula 
(Sherin, 2001). This kind of symbol manipulation hinders students’ acquisition of real 
 
 
3. This chapter is based on Ding. N. & Harskamp, E. (2006). How partner gender influences female students’ problem-solving 




problem-solving skills such as creative application and reasoned evaluation of knowledge. 
Solving problems depends not only on proficiency in recalling knowledge and in using 
formulas, but also on systematic analysis of information and on critical reflection. Elaboration 
of knowledge has been evidenced as an important factor in students’ problem-solving 
learning (Sutherland, 2002). Cooperative learning may help students to elaborate on problem 
information through interpersonal discourse, and it may provoke a higher level of thinking 
(Johnson & Johnson, 1986). During interaction students are stimulated to put forward and 
order their thoughts in order to understand the ideas or questions of their peer learner. In this 
way, elaboration on knowledge seems necessary in order to generate more coherent 
explanations (Teasley, 1995). Ever since the 1980s, attempts have been made to apply peer 
cooperation to problem-solving teaching (Sharan & Shachar, 1988; Cohen, 1994; Howe, 
Tolmie, Greer & Mackenzie, 1995; Lehtinnen, 2003). Mercer (1996) found that students 
solved problems in a more productive fashion through exploratory talk. According to Schwartz 
(1995), peer learning provokes more abstract representations because of students’ different 
viewpoints. Cooperative learning may lead peers to integrate different perspectives and 
generate more compounded analyses.  
However, simply putting students in a peer group does not mean that they can work together 
or that cognitive elaboration will take place. In relation to students’ interactive processes and 
learning outcomes, partner gender is an important variable in cooperative learning (Margrett 
& Marsiske, 2002).  
Female and male students have different communication styles (Lakoff, 1973; Webb, 
1984; Lay, 1992; Li, 2002). For example, male students tend to express their opinions directly 
while female students tend to hedge. Females are more likely to initiate conversation by 
asking questions, whereas males begin discussions by “presenting explanations.” 
Research from Hyde, Fennema and Lamon (1990) has shown that physics starts to 
disadvantage female students when they are around sixteen years old. They also found a 
gender difference favoring male students in high schools, while they found no significant 
gender difference at the middle-school level. Orenstein (1994) ascribed this to a decrease in 
confidence and academic risk-taking as girls got older. Males see themselves as the rightful 
and superior problem-solvers while females think physics is a masculine job. This difference 
in self-perception and communication style may cause difficulties for female students when 
working with male partners.   
There are some case studies indicating females in single-gender cooperation 
outperform females in mixed-gender cooperation (Siann & Mcleod, 1986; Siann, Durndell, 
Macleod, & Glissov, 1988; Barbieri & Light, 1992). The presence of male students seems to 
make high-school female students reluctant to put forward their ideas and so they become 





Experimental studies focusing on female students’ cognitive activities during 
cooperation and how this relates to their problem-solving achievement are sporadic (Hogan & 
Tudge, 1999). There is no clear empirical evidence on whether female students’ interaction 
style and problem-solving processes are influenced by their partner gender. Therefore, it 
might be important to pay more attention to the interactive exchanges between female and 
male students during cooperative learning. 
4.2 Interaction during Cooperative Learning: Communication Style 
Bales’ Interaction Process Analysis model (IPA) (1950, 1999) provides four 
categories for recording and analyzing the content and intensity of communication. Originally 
it was designed to investigate leadership styles in group dynamics. Nowadays these 
categories are used to study interaction styles in cooperative settings (Underwood, Jindal & 
Underwood, 1994). The categories included twelve items indicating twelve types of behavior: 
a) Social-Emotional Area (positive): showing solidarity, tension release and agreement; b) 
Social-Emotional Area (negative): showing disagreement, tension and antagonism; c) Task 
Area (questions): asking for orientation, opinion and suggestions; and d) Task Area 
(answers): giving orientation, suggestions or opinions. In this study, some modifications were 
made to make the IPA model fit better into the problem-solving setting.  
Understanding students’ interaction might extend our knowledge of the gender 
difference during cooperative learning. For instance, the different communication style of 
female students brings about problems where their cooperation with males is concerned, 
especially in subjects that they are not fully confident in like physics problem solving. In this 
study protocols of students’ written interaction were analyzed by means of the modified IPA 
model. To unravel the gender effects, it also seemed important to gather more evidence of 
students’ communication content both in single-gender and mixed-gender cooperation. 
 
4.3 Cognitive Elaboration during Cooperative Learning: Communication 
Content 
According to Schoenfeld (1992), problem solving is not a strict step-by-step process but 
involves more flexibility and higher-order thinking. In problem solving Schoenfeld defined five 
episodes: reading the problem, exploring one’s knowledge, planning, implementation and 
reflecting on the solution. More or less consciously, all students go through these episodes in 
order to solve problems. During cooperative learning students have to read the problem 
together and figure out the action plan before they start task-related interaction. To solve the 
problem in a meaningful way, students need to analyze the problem, for instance by making a 
schema and attaching appropriate symbols to each important parameter in the problem. 
While planning a solution, students have to map the elements of their knowledge 




necessary for students to work out the solution plan. It is assumed that females’ lack of self-
confidence in physics will exacerbate the latent communication difficulties in mixed-gender 
dyads. The cognitive exchanges of females with males should mainly be through asking 
questions. Though we have reasons to believe that mixed-gender dyads run the risk of 
disadvantaging female students in cognitive elaboration in physics, little is known about the 
differences of interaction and problem solving between females in mixed-gender and single-
gender dyads. 
Research Question 
The purpose of the study is to investigate how partner gender influences female student’s 
communication and problem-solving activities in cooperative learning in physics. The 
research questions are: 
1. Does partner gender influence students’ learning in problem solving? If so, does it 
influence female students’ learning more than it does that of male students’?  
2. Does partner gender influence students’ interaction content? If so, how does it 
influence female and male students’ interaction? 
3. Does partner gender influence students’ problem-solving processes? If so, how does 
it influence female and male students’ problem-solving processes? 
 
4.4 Method 
4.4.1 Subjects and design 
Fifty high school students (26 females and 24 males) in Shanghai, along with their 
physics teacher, participated in the study. Students were selected from two physics classes 
at grade eleven, with a mean age of sixteen. This high school ranks among the five best 
schools in Shanghai. Students there come from various provinces in China and have various 
family backgrounds. Students were randomly paired with a peer learner from a different class. 
There were three pairing combinations on the basis of gender: the mixed-gender condition 
(MG) included twelve dyads; the female-female condition (FF) included seven dyads and the 
male-male condition (MM) had six dyads. The three conditions were exposed to the same 
number of experimental hours and the same instructional materials. Cross-condition 
comparison was used to develop insight into students’ learning achievements and 
communication during cooperation. In the following we distinguish four groups: a) females in 
MG conditions, b) females in FF conditions, c) males in MG conditions and d) males in MM 
conditions.   
4.4.2 Procedure 
Two weeks before students sat down together to solve the physics problems, the 




One week before the experiment all students took a fifty-minute pre-test in which they were 
required to solve five problems individually. Then they were given pre-flight training 
concerning how to use the communication-log sheets and answer sheets. The experiment 
consisted of four forty-five-minute-long sessions. In each session, students were asked to 
solve two new and moderately structured problems. One problem is shown in Figure 4.1. 
 
Student 1 Student 2 
Name： Name： 
Student No.： Student No.： 
Class： Class： 
Gender： Gender： 
A space explorer (1500-kg) rises from the surface 
of a certain planet. The pushing force generated by 
the motor is constant. When the explorer is ejected, 
the motor shuts down because of some technical 
problem. As shown in the picture at right, the speed 
of the explorer changes as time goes by.  
From this picture, can you tell the maximum height 
the explorer has reached and the magnitude of the 
pushing force F generated by the motor?  
Sample Answer  Scoring (full score=50): 
1. 0-8s 
vt=40 m/s  vo=0 m/s   t=8 s  a=(vt-vo)/t=40/8=5 m/s2 
5 
Fresultant=ma=1500*5=7500 N 5 
Fresultant=Fpush- Fgravity 5 
2. 8-24s 
vo=40 m/s  vt=0 m/s   t=(24-8)=16 s  g=(vt-vo)/t=40/16=2.5 m/s2 
6 
Fgravity=mg=1500*2.5=3750 N 4 
Fpush=Fresultant+ Fgravity  10 
7500+3750  
=11250 N  
5 
H=½vt = 










Twenty-five dyads of students were spread over different classrooms in order to give 
them ample room for cooperation without disturbing each other. In each classroom there was 
a teacher or a research assistant overseeing the students at work. In each condition, dyads 
were not allowed to talk with each other. To communicate with their peer learner students 
had to write on a piece of blank paper, that is, the communication-log sheet, which was 
placed between students on the desk. Each dyad was given two pens of different colors, blue 
and black, to distinguish different students in the dyad. Students were asked to come to 
mutual agreement on the final answer. Answer sheets were collected by the teacher for 
grading. The communication-log sheets were handed to the research assistant and not 
graded. Twenty-five observers were selected from a senior grade. Observers were randomly 
assigned to each dyad and rotated after each session. The observer’s task was to document 
each dyad’s starting and ending time for each problem, and to ensure that each dyad’s 
communication only took place on the communication-log sheets. After the dyad submitted 
their answer sheet to the teacher, the observer collected their communication-log sheet and 
verified which color belonged to which student of the dyad, and then gave the dyad a worked-
out example. On the last day students took the post-test, solving five problems individually. 
The only difference among the three conditions was the partner gender.  
 
4.4.3 Instruments 
A pre- and post-test were administered to all students before and after the 
experiment. Both of them were standardized tests using pencil-and-paper assessment which 
were identical to experimental tasks. All problems were about Newtonian mechanics and 
motion. They were based on word problems, which were expected to reflect students’ 
capabilities in physics problem solving. The correlation between the pre- and post-test was 
0.74. Figure 4.1 is a sample of the answer sheet.  
In order to necessitate cooperation during the experiment, we gave each student 
within each dyad five different hints which were formulated on the basis of Schoenfeld’s five 
episodes of problem solving. The hints were randomly assigned to students. Figure 4.2 is the 
sample of hints given to different students in one dyad. In pre- or post-tests there was no hint 




Hints for Student A: 
Hint 1: 
How many periods has the space explorer experienced? What are their initial speeds 
and the resulting forces? 
Hint 2:  
Did you still remember Newton’s Second Law? What was the relationship between the 
mass and acceleration? 
Hint 3: 
First start from period 0-8s, then you can find the acceleration. After that, go on to 
calculate the gravity on acceleration and the gravity in period 8-24s. 
Hint 4: 
Maybe you’ve come up with this number: 7500 N 
Hint 5: 
Have you come up with a better solution? 
 
Hints for Student B: 
Hint 1: 
Reading the problem, you will notice that the explorer has experienced several periods. 
In each period, the initial speed and resulting force are different. Please list them. 
Hint 2: 
Did you remember this equation: s=vot+½at2? How can you find a? Does a remain 
constant? 
Hint 3: 
The acceleration in period 0-8s is the acceleration from the resulting force while the 
acceleration in period 8-24s comes from gravity.  
Hint 4: 
Maybe you’ve come up with this number: 16s. 
Hint 5:  
Have you come up with a better solution? 
 
Figure 4.2 Hints for students 
 
4.4.4 Data collection 
The data consists of students’ pre- and post-test scores, and their written messages 
on the communication-log sheets. Students were asked to write down all the steps in the 
solution. Each step was scored according to its difficulty (see Figure 4.1). Students’ pre- and 
post-test performances were used to verify our first research question, which was related to 
partner gender and learning achievement through cooperation. Students’ communication-log 




messages in order to answer our second and third research questions. Written messages 
selected from Problems 1, 3 and 7 were analyzed with the modified Bales’ IPA model for 
collecting information from students’ interaction (Figure 4.3 shows the categories of analysis). 
 
Units of interaction analysis Examples: 
 
Ask for information How many periods has the explorer experienced? 
 
Give Information The explorer has experienced three periods: 0-8s, 8-
24s and 24-end.  
 
Ask for a suggestion Should we write it down on the answer sheet? 
 
Make a suggestion You’d better simplify your equations.  
 
Agree I think you’re right.  
 
Disagree You shouldn’t separate the man from the board. 
That’s wrong. 
 
Uncertainty I’ve got no idea. 
 
Tension What a boring question! 
 
Rewards Well done!  
 
 
Figure 4.3 Bales’ Interaction Process Analysis model (modified) 
 
Based on Schoenfeld’s five episodes, students’ problem-solving processes during 
cooperation were analyzed using the written text on the communication-log sheets. The 




 Schoenfeld’s Five 
Episodes 
of Problem Solving 
Definitions Examples 
Reading the Problem 
understand the meaning of 
the problem 
“Has the explorer experienced three 
periods?” 
Exploring Knowledge 
relate information about the 
problem to  previously 
learned knowledge 
 “Which equation is related to mass, 
force and acceleration?” 
“Can we find the distance by using 
s=vot+½at2 ?” 
Analysis &  
Making a Plan 
break the information down 
into several elements and 
organize them 
“First start with 0-8s, and then find the 
resulting acceleration. Next, look at 8-
24s, and then you can find gravitational 
acceleration and gravity.” 
Carrying out the Plan 
synthesize the information 








offer your own opinion about 
the solution or idea 
“You can use a more direct way to solve 
this problem by taking the man and the 
board as a whole.” 
 
Figure 4.4 Schoenfeld’s five episodes of problem solving 
 
Scoring of the statements in the communication-log sheets was done with the help of 
these two systems and the scores were input into program MEPA (Erkens, 1998), which 
provides a database for input/output and analysis of interaction. Each message written on the 
communication-log sheets was the basic unit of analysis.  
 
4.5 Results 
4.5.1 Learning achievement 
We analyzed students’ pre- and post-test performance in order to answer the first 
research question: the influence of partner gender on students’ learning achievement. 
Previous research suggested that female students in single-gender cooperation would 
outperform females in mixed-gender cooperation, but that the same would not be the case for 
male students. 




“pre-test” as dependent variable, we found that there were no significant differences between 
the male and female students (F(1, 46) =1.00, p=.32), nor between the two group compositions 
(single-gender versus mixed-gender, (F(1, 46) =0.01, p=.96). But it turned out that there was a 
slight interaction effect between the two independent variables (F(1, 46) =3.34, p=.07). Table 
4.1 shows the means and standard deviations of students’ problem-solving performances for 
the pre- and post-tests.  
 
Table 4.1 Summary of pre-test and post-test scores (means and standard deviations) of 










female 12 76.58 12.27 77.17 9.65 MG (12 
dyads) male 12 69.42 11.95 82.25* 9.57 
FF (7 dyads) female 14 65.79 15.20 79.14* 12.91 
MM (6 
dyads) 
male 12 72.58 13.89 78.50 13.15 
*indicates a significant difference from females in the MG group (p<0.01). 
female 26 70.77 14.71 78.23 11.34 
male 24 71.00 12.77 80.38 11.41 Total 
Total 50 70.88 13.68 79.26 11.31 
 
The analysis of covariance (ANCOVA) of the students’ post-test performance, using 
their pre-test scores as the covariate (effect highly significant: F(1, 46) =89.04, p=.00), showed 
that there was no significant difference between female and male students in learning 
performances (F (1, 46) = 1.51, p=.23). In general, females did as well as males on the post-
test. There was also no effect between gender and group composition (F(1, 46) =15.22, p=.00).  
A pair-wise comparison with Bonferroni adjustment was specified to examine the 
differences among the four groups. It turned out that females in the MG condition did 
significantly worse on the post-test than did females in the FF condition (F (1, 23) = 9.63, p<.05) 
and males in the MG condition (F (1, 21) = 12.08, p<.05). However, there was no significant 
difference on the post-test scores between males in MG and those in the MM conditions (F (1, 
21) = 4.98, p>.05). 
So, females in the MG condition were at a significant disadvantage as compared with 
their male counterparts. Mixed-gender cooperation in physics favored male students over 




well as male students. These results are in general agreement with other observations in the 
literature showing that mixed-gender cooperation disadvantages female students and that 
female students can learn more from a female than from a male partner. Compared with male 
students, female students’ learning achievement is more sensitive to their partner gender. To 
explore why mixed-gender pairing had different influences on female and male students we 
analyzed the content and style of students’ interaction during the problem-solving process. 
 
4.5.2 Interaction Style 
Messages about three problems were input into and analyzed in the MEPA program. 
Because of the presence of the teacher and the limited experiment time, there was very little 
room left for students to develop social talk that had no relation to the task. This was reflected 
in the high degree of on-task interaction among students. Of all 1113 written messages 
generated by students in the four groups, 1014 were identified as on-task interaction. 
Females in the MG condition had 229 on-task statements; females in the FF condition had 
364; males in the MG condition had 285 and males in the MM condition had 136 on-task 
statements. All the on-task messages were analyzed based on Bales’ Interaction Process 
Analysis (Bales, 1950). The original twelve categories of interactive behavior units were 
condensed into nine to fit better into the problem-solving setting. Of the 1014 on-task 
statements, almost all (999) were able to be categorized. The total number of statements in 





Table 4.2 Observed and expected number of messages the students exchanged, as 
classified by 9 Bales’ IPA systems.  
Groups 


















A1  Ask for 
information 
Observed  35  58 17 6 116* 
  Expected  26 44 30 16  
A2 Give 
information 
Observed 67 150 150 76 443* 
  Expected  99 167 114 63  
B3 Ask for 
suggestion 
Observed  45 48 21 6 120* 
  Expected  27 45 31 17  
B4 Give 
suggestion 
Observed  22 54 40 19 135* 
  Expected  30 51 35 19  
C5 Disagree Observed  5 6 3 2 16 
  Expected  4 6 4 2  
C6 Agree Observed  15 15 9 4 43* 
  Expected  10 16 11 6  
D7 Tension Observed  8 29 7 26 70* 
  Expected  16 27 18 10  
D8 Rewards Observed  9 6 5 0 20 
  Expected  5 8 5 3  
E9 Uncertainty Observed  18 12 4 2 36 
  Expected  8 14 9 5  
        
     Total 224 378 256 141 999 
 Note. *p < 0.05 
 
Most of the exchanged statements were from females in the FF condition (378), 
followed by males in the MG condition (256), females in the MG condition (224) and finally 
the males in the MM condition (141). In the MM condition there were not as many exchanges 




To explore whether partner gender influenced students’ interaction content, the chi-
square test was conducted, using a significance level of .01 with four groups and the number 
of statements as factors. According to the test results, there was a statistically significant 
difference in the number of messages across the four groups χ2(12)=72.47, p<.001.  
To answer how partner gender influenced female students’ and male students’ 
interaction, the number of messages generated by students during problem solving was 
compared for each gender.  For female students chi-square tests showed significant 
differences between those in the FF condition and the MG condition in these categories: 
females in the MG condition were more likely to ask for suggestions and opinions χ2(1)=2.85, 
p<.01, for example, as to when to submit the answer sheet or whether they should also draw 
the picture on the answer sheet. But they offered significantly less problem information 
χ2(1)=4.47, p<.05, or suggestions about how to solve the problem χ2(1)=11.16, p<.05. There 
was no significant difference between these two groups when looking at the other categories. 
The percentages of messages across all of the IPA categories are shown in Figure 4.5. 
 
 
Note. * Significantly different from each other. 
Figure 4.5 Percentages of messages concerning the IPA model generated by female 





For male students more tension was found among those in the MM condition than in 
the MG condition χ2(1)=26.99, p<.05. No significant differences were found in the other 




Note. * Significantly different from each other. 
Figure 4.6 Percentages of messages concerning the IPA model generated by male students 
in two conditions. 
 
Within the MG condition females’ interaction differed greatly from that of males. 
Figure 4.7 shows the various message frequencies across all nine categories. Compared 
with their male partners, female students asked significantly more often for problem 
information, χ2(1)=11.26, p<.05, and for more suggestions about procedures, χ2(1)=15.90, 
p<.05. Male students offered significantly more explanations about the problem, χ2(1)=30.37, 
p<.05, and expressed their own opinions more often, χ2(1)=2.72, p<.1. Females showed 
significantly greater uncertainty than did their male partners, χ2(1)=12.35, p<.05.  Females 
also generated more agreements than did their male partners, χ2(1)=3.00, p<.1. No 






Note. * Significantly different from each other. 
Figure 4.7 Percentages of messages concerning the IPA model generated by female and 
male students in a mixed-gender condition. 
 
Qualitative study differences in interaction content were found mainly between the 
female and male students in the mixed-gender group. Females asked for information and 
suggestions more often than did males.   
Below is an example of a communication protocol between Ping (female) and Li (male) 
in a mixed-gender condition. Here Problem 1 (shown in Figure 4.1) was used, and this 
example mirrors the differing communication styles of female and male students.  
Li (male): The explorer experienced three periods. 
Ping (female): What was the gravity? 
Li (male): Look!! a(0-8s)=40/8=5m/s2, a(8-24s)=gravity a=40/(24-8)=2.5m/s2. 
Is that right? I’m not sure. 
Li (male): Well, gravity=mg=1500*2.5=3750, but check it! Maybe I’m wrong. 
Ping (female): I don’t understand. 
Li (male): The explorer is on a star. 
Ping (female): So? 
Li (male): Well, gravity would be different from Earth’s.  
Ping (female): Yes, but it’s still not very clear. 
Li (male): Okay, within this period 0-8s, Fmotor-mg=ma. See? 
Ping (female): And... 
Li (male): The motor has got a problem. So during 8-24s, it’s in free-fall, 




Ping (female): Okay, I think I get it now. You’d better write the process 
down on the answer sheet.  
(Li filled in the answer sheet while Ping was watching.) 
Ping (female): Should we ask for a worked-out example? 
  
Examining the dialogue between Ping and Li, we found that most of the specific 
suggestions or information was given by Li, while Ping’s responses showed a higher level of 
uncertainty. From the beginning she had difficulty in understanding gravity, but she only 
asked about it once. Even after Li’s explanation she still didn’t grasp it. But she didn’t raise 
the same question again. Instead she used phrases like “not very clear” as a hint to Li to 
explain it in more detail.  
An example of communication protocols between Nan and Fang was typical for 
females in the FF condition. 
Nan: The explorer has experienced several periods. 
Fang: Three periods: accelerating, then decelerating and accelerating 
again. 
Nan: I think so, too, so the direction of “a” should be: accelerating 
upwards, then decelerating upwards and finally accelerating downwards. 
Fang: Okay. But within the period of 8-24s, is gravity acceleration==> 
a=g? 
Nan: What is g? We’re not on Earth.  
Fang: “Not on Earth” means what? Should it be 1/6G? 
Nan: No. g=9.8 m/s2 only can be used for things on Earth.  
Fang: So g should be calculated in this problem, right? 
Nan: Right. But first we should start with the period 0-8s.  vt=40 m/s  
vo=0 m/s   t=8 s  a =(vt-vo)/t =40/8 =5 m/s2. 
Fang: I see. vo=40 m/s  vt=0 m/s   t=(24-8)=16 s  g=(vt-vo)/t =40/16 
=2.5 m/s2 
Nan: Right 
Nan: Okay, write it down on the answer sheet.  
 
Like Ping, Fang in this case also had some problem in understanding g at the outset. 
But she argued with her partner, Nan, and freely posited her understanding by guessing 
whether g equaled 1/6G. She further deduced from Nan’s explanation that g should be 
calculated and tried it once. Unlike Ping she didn’t use ambiguous words to show her 
uncertainty, but asked questions and posited her own conceptions more directly.  
The dialogue below between Tao and Wang is typical for interactions in the MM condition.  




Tao: vt=vo+at, 8a=vt-vo=40, a=5m/s2 
Wang: Wrong. During 8-24s, it has already started falling.  
Tao: No, it’s just flying upwards with decreasing speed.  
Wang: At the 24th second, v=0, then starts free-fall. 
Tao: And then v changes from increasing to decreasing. When v=0, it 
reaches its highest point.  
Wang: Oh that’s right!  
Tao: F=ma=1500*5=7500N.  
Tao: Fpull=15000+7500=22500N, Hmax=480m. 
 
Neither Wang nor Tao asked their partner whether their solution was right. Using the 
words “wrong” or “no,” they argued over their partner’s work directly instead of admitting that 
they didn’t understand. In contrast, Li in the MG condition showed Ping twice that he was not 
sure of the solution. It could be tentatively concluded then that partner gender significantly 
influenced the female students’ interaction, and only slightly influenced the male students’ 
interaction. The interaction of female-female dyads was much better balanced than was that 
of the mixed-gender dyads. Males in mixed-gender dyads showed giving-and-explaining 
behavior more than did their female partners. The differences in verbal interaction have 
provided a basis for further analysis of students’ cognitive elaboration during cooperative 
problem solving. 
 
4.5.3 Problem-Solving Episodes 
The third purpose of the study was to find out whether there was an influence from 
partner gender on students’ problem-solving activities during cooperation. Students’ written 
messages were coded according to Schoenfeld’s five episodes of problem solving (Figure 





Table 4.3 Observed and expected number of statements concerning problem-solving 
episodes in four groups of students. 
Groups  















Observed  45 42 40 19 146* Read Problem 
 Expected  42 21 23 24  
Observed 43 63 50 36 192* Explore 
Knowledge  Expected  53 41 39 60  
Observed  28 100 100 53 281* Make a Plan 
  Expected  50 96 113 128  
Observed  4 24 27 1 56 Implement the 
Plan  Expected  1 5 6 1  
Observed  37 63 32 7 69* Reflection 
  Expected  33 30 18 0  
       
  Total 157 292 249 116 814 
Note. *p < 0.05 
 
Of the 1014 on-task messages, 814 (80%) were identified as students’ problem-
solving activities. There is a significant difference among the four groups of students as to the 
numbers of statements about the five episodes χ2(12)=72.47, p<.01. On average males in the 
MM condition and females in the MG condition made fewer statements concerning problem 
solving than did females in the FF condition or males in the MG condition. Females in the FF 
condition exchanged the most statements on problem solving as compared with the other 
three groups. It is then worth investigating during which episode of problem solving students 
exchanged relatively more information.  
For females students, as illustrated in Figure 4.8, those in the MG condition 
generated significantly more statements paraphrasing the problem information than did those 
in the FF condition χ2(1)=5.44, p<.05, while the latter generated more statements about the 
solution plan χ2(1)=13.88, p<.05, and did significantly more on calculations χ2(1)=4.02, p<.05. 






Note. * Significantly different from each other. 
Figure 4.8 Percentages of messages concerning Schoenfeld’s problem-solving episodes 
generated by female students in two conditions. 
 
Figure 4.9 shows the percentages of messages across the five problem-solving 
episodes for male students. Males in MG conditions did significantly more calculations than 
did those in MM conditions χ2(1)=14.11, p<.05. For the other episodes chi-square tests found 
no significant differences.  
 
Note. * Significantly different from each other. 
Figure 4.9 Percentages of messages concerning Schoenfeld’s problem-solving episodes 




Figure 4.10 shows the percentages of messages between male and female students 
within MG conditions across the five episodes. Male students generated significantly more 
statements about mapping a solution plan χ2(1)=37.09, p<.05, and did more calculations 
χ2(1)=13.92, p<.05 than did their female partners. There were no significant differences 
between these two groups in other episodes.  
 
 
Note. * Significantly different from each other. 
Figure 4.10 Percentages of messages concerning Schoenfeld’s problem-solving episodes 
generated by female and male students in a mixed-gender condition. 
 
Qualitative study of students’ protocols showed the differences in the problem-solving 
process among the four groups. The example of Li (male) and Ping (female) given above 
indicated that mixed-gender cooperation hindered female students from going further in 
problem solving. Ping only asked once what the g was. After Li explained it three times, Ping 
said, “I think I know now.” And then she urged Li to write down the answer. One might doubt 
whether Ping really did understand Li’s explanation of this problem. The protocol showed that 
Li actually didn’t give any explicit explanation. But Ping ended the dialogue by saying then 
that she now knew. Doing so kept her from being a skilled problem solver.  
In contrast, females in the FF condition had relatively more statements on the last 
three episodes of problem solving. Unlike Ping, Fang tried to calculate the g by herself. She 
applied the knowledge actively and synthesized the equations in order to develop her own 
answer. She was involved in the application and internalization of the knowledge more than 
Ping was. 




concerned with recalling prior knowledge while those in the MG condition were more 
concerned with working out the plan. In the MG condition, 11% of the statements generated 
by males concerned calculating and working out the plan in contrast to only 3% among males 
in the MM condition. This was also reflected in the example of Ping and Li. In mixed-gender 
cooperation, we found that males valued their female partner’s opinions, and female partner’s 
questions propelled them to deliberate on the problem information. 
 
4.6 Conclusions 
The questions addressed in this research concerned whether partner gender 
influenced students’ learning achievement in physics as far as their communication and 
problem-solving activities in cooperative problem solving were concerned, and whether 
female students’ learning was more sensitive to partner gender than was that of male 
students. Specifically, our purpose was to unravel gender effects in cooperative learning 
through the lens of interaction styles and the problem-solving process. Both quantitative and 
qualitative methods were used to analyze students’ problem-solving performance and 
interaction content. We studied the cognitive activities of students in four gender groups: 
females in the MG condition, females in the FF condition, males in the MG condition and 
males in the MM condition. The students in all four groups worked in dyads. 
For female students, analyses of pre- and post-test performances showed that 
partner gender was a significant factor in their learning achievement. Females in female-
female dyads significantly outperformed females in mixed-gender dyads. Within mixed-
gender dyads, males learned much better than females. These results are congruent with 
previous research that found females were at a disadvantage in mixed-gender cooperation 
(Barbieri & Light, 1992; Light, Littleton, Bale, Joiner & Messer, 2000). They did better in 
single-gender peer learning.  
To explore the reason that mixed-gender cooperation disadvantaged female students, 
we examined students’ communication protocols and analyzed their written messages 
according to Bales’ IPA model and Schoenfeld’s five episodes of the problem-solving process. 
Our analyses of students’ interactions indicated that females in mixed-gender dyads asked 
for information or suggestions more often, while their male partners were much more likely to 
provide help and offer suggestions. This indicated, to some degree, that females had less 
confidence in their knowledge of physics or in their problem-solving ability than did their male 
counterparts. A great degree of uncertainty from females can be detected during mixed-
gender cooperation. Analyses of their problem-solving processes showed that males 
assumed the task of planning and calculating the problem, while their female partners put 
more effort into paraphrasing the problem information. It appeared that female students had 




During problem solving females were more likely to focus on the literal meaning of the 
problem rather than systematically analyzing it.  
Unlike females in mixed-gender dyads, females in female-female dyads were not 
submissive and not less confident in their abilities. They discussed problems by giving 
information and made their own suggestions. They didn’t ask as many questions, as did 
those in mixed-gender dyads. Analysis of their problem-solving process showed that females 
in female-female dyads generated the most messages concerning planning and calculation 
among the four groups. They put forward their ideas freely and were actively more involved in 
problem solving. Cooperation between females was better balanced than was that of mixed-
gender dyads.  
Cooperation between males was not as harmonious as that between male and 
female students. Males complained more while working with a male partner, for example, 
about how complicated the problems were and why they should stay in the physics 
classroom. Another interesting thing to note was that males in mixed-gender dyads did a lot 
of calculating tasks while males in male-male dyads did very little calculating. After examining 
their answer sheets, we found that most males in male-male dyads carried the working plan 
out directly in the answer sections rather than on the communication-log sheets. Once they 
had come up with some idea and agreed with each other on it, they moved to the answer 
sheets, calculating and revising there. But males in mixed-gender dyads first wrote down all 
the steps of problem solving on the communication-log files, making sure that their female 
partners agreed, and then copied them onto the answer sheets. But, generally speaking, their 
learning achievement and problem-solving activities were not significantly influenced by 
partner gender.  
Our results point out that during cooperation partner gender is not only a significant 
factor for females’ learning achievement but also for their interaction and problem-solving 
activities. Compared with male students, female students’ interaction and problem-solving 
activities were more sensitive to their partner’s gender in cooperative learning, and this might 
explain why their learning achievement was significantly influenced by their partner’s gender.  
 
4.7 Suggestions and Limitations 
This is a preliminary study for research which goal is to gain insight into gender 
differences in the CSCL (Computer-Supported Collaborative Learning) environment. Previous 
research has tended to study female and male behaviors directly in a computer-involved 
setting. However, the computer itself is arguably a disadvantage for females. Since female 
and male students have different types of exposure to computer technology (Fetler, 1985), 
results of previous empirical studies cannot be expected to explain female students’ real 




there is a need to study students’ communication and cognitive thinking without being 
“threatened” by computers. 
The study has shed light onto the “blackbox” of cooperation by going into a detailed 
analysis of students’ interaction and working processes. Still, there are some limitations to 
this study. One is the small size of our samples. This might explain why we were unable to 
explore whether there was a significant effect from self-confidence or emotions on male and 
female students in mixed-gender dyads. Secondly, we have not explored the effect of 
students’ preferences, such as whether they preferred working in a mixed or a single-gender 
dyad. Another limitation was the scope of the program in this study. It is necessary to provide 
a longer series of lessons for problem-solving learning (Pol, Harskamp & Suhre, 2005) in 
order to let students get used to solving problems through cooperation. In the space of eight 
lessons it was hard to assess students’ development of problem-solving skills. A longer study 
would be recommended for future research. Finally, it remains an open question whether the 
results in this study in China could also be applicable to countries with a different cultural 
background.  
For future study the outcome of this study should be verified through more studies 
with the same design. There should be firm empirical evidence drawn from different cultures.  
Since the ultimate goal of education is to prepare students to work effectively in various social 
conditions, which are not simply those limited to single-gender groups (Speck, 2003), we also 
suggest investigating further why females do not perform well in cooperative problem solving 
with males and how this can be improved upon. One could try to discover whether there is a 
causal relationship between the communication style and content of both female and male 
students in mixed gender groups and whether this is a factor in their differences in learning 
gains. Our hypothesis is that females in mixed dyads are reluctant to put forward their ideas 
because they do not feel very self-confident. Females first tend to ask for information and 
suggestions and do not respond directly to their male partner’s inquiries. Because of this, 
males start putting forward their own ideas, rather than waiting for the females to understand 
their solutions fully.  
An interesting approach would be to boost female students’ self-confidence when 
working with male students. For instance, we suggest a specially designed computer 
program for cooperative problem solving that provides “hints” as just-in-time instruction for 
female students. To avoid making female students feel that they are less capable in physics, 
we suggest that the use of hints should not be compulsory. Female students should make 
their own decisions whether they need hints for help. It could facilitate female students’ 
cognitive elaboration and enhance their self-confidence while working with male partners 
(Ding & Xu, 2005). The computer program also would make it possible to check the 
suggestions their partner makes. Perhaps that could smooth out the gender difference in 











Gender Difference in Students’ Cognitive 
Representations during Collaborative Problem-




For collaborative problem solving in physics there are normally two types of 
cognitive activities that students engage in: constructing a graph to illustrate 
variables or their problem-solving strategy (visual representation), and verbally 
exchanging problem information (verbal representation). The aim of this study 
was to explore gender differences in terms of the way that students represent 
their knowledge when solving a physics problem. The study also investigated 
whether students’ representation modes were sensitive to their partner’s 
gender. This four-week-long empirical study was conducted in a high school in 
Shanghai, and included one-week of regular classroom instruction, a “pre-
flight” training session, a pretest, a three-week treatment and a posttest. The 
subjects of this study were 26 female and 24 male Chinese tenth graders. 
During the study students were randomly paired to solve physics problems 
together. They were only allowed to use the log-sheets in order to 
communicate. The analyses consisted of students’ pre- and posttest scores, 
and their written messages on the log-sheets. The findings suggested that the 
contributions made during the collaboration were represented by females and 
males. Female students were more likely to use verbal messages to convey 
information, while male students tended to use visual representations. 
Students’ representation modes, however, were not affected by their partner’s 
gender. These findings add valuable new facets to the body of ongoing 
research into collaborative learning and problem solving learning in physics. In 
 
 
4. This chapter is based on Ding, N. & Harskamp, E. G. (2009). Gender Difference in Students’ Cognitive Representations 




closing, the educational implications and some suggestions for future research 
will also be discussed. 
5.1 Introduction 
Previous research has shown that collaborative learning can usually improve the 
level of students’ learning achievement (Slavin, 1983; Cohen, 1994; Sharan & Shachar, 1988; 
Scanlon, 2000; Johnson & Johnson, 1993). To be understood by their peer learner, students 
have to elaborate on their knowledge and reason with it more logically, which, in turn, 
promotes their understanding of scientific concepts and theories. During their collaboration, 
students co-construct their knowledge by means of the interplays, and are able to generate 
more abstract representations of the problem (Schwartz, 1995). 
However, simply grouping students doesn’t guarantee that they are properly involved 
in cognitive processing of knowledge. Some empirical studies have revealed that female and 
male students have different communication styles and tend to fixate upon different aspects 
during problem solving (Li, 2002; Ding & Harskamp, 2006). For instance, female students 
tend to use a question to initiate discourse; male students are more likely to show 
assertiveness even when they are not very confident of their statements. Female students 
spend more time on reading problem information while males tend to focus on mapping the 
relationship between problem variables. Moreover, despite collaborative learning’s potential, 
it appears that female students’ learning achievement is more sensitive to their partner’s 
gender than male students’ learning achievement is. Females in the single-gender group 
surpass females in the mixed-gender group, and mixed-gender collaboration in physics 
favors male students over females (Ding & Harskamp, 2006). It is generally assumed that 
students’ learning achievement is closely related to their cognitive activities in collaborative 
problem solving. However, some studies have gone further and clearly addressed the gender 
difference in communication styles (Lakoff, 1973; Lay, 1992; Li, 2002). For example, it was 
found that male students tended to express their opinions more directly than female students 
did. Females were more likely to initiate conversation by asking questions and by establishing 
a common ground among the participants whereas males began a discussion of the problem 
right away by putting forward ideas and suggestions. Furthermore, research indicates that 
females in single-gender collaboration outperform those in mixed-gender ones (Siann & 
Macleod, 1986; Siann, Durndell, Macleod, & Glissov, 1988; Barbieri & Light, 1992). 
In light of this, we were interested in exploring whether there was a gender difference 
in the ways of representing knowledge, and whether students’ knowledge representations 
were affected by their partner’s gender.  
External representation in physics problem solving refers to the configuration used in 
formulating, illustrating, symbolizing, describing or paraphrasing problem components and 




problem solving in physics, there are normally two types of elaborative activities that students 
engage in: constructing a graph to illustrate the variables or their problem-solving strategy 
(visual representation), and verbally exchanging problem information (verbal representation). 
Problem solving skill encompasses a vast range of activities including higher order 
thinking skills such as “visualization, association, abstraction, comprehension, manipulation, 
reasoning, analysis, synthesis, generalization —each needing to be ‘managed’ and 
‘coordinated’” (Garofalo & Lester, 1985). In order to solve a physics problem, students need 
to cognitively process the problem information, such as making a qualitative analysis of 
variables, recalling the relevant equations or laws, mapping the relationships and substituting 
the numbers for calculation. It involves far more than substituting the equations with numbers 
and manipulating them. But it is difficult for us to capture the process of students’ knowledge 
elaboration. However, because representing information and high level cognitive processing 
of information are closely intertwined in science problem-solving (Kozma & Russel, 1997; 
Toth, Suthers & Lesgold, 2002), we are able to make inferences to student’s external 
representations in the interactions to collect insight into his/her cognitive elaborations 
(DeWindt-King & Goldin, 2003). In physics problem solving, this kind of external 
representations normally appear in two ways. Students represent their knowledge either 
visually or verbally.  
5.2 Cognitive Representations in Physics Problem solving 
Problem solving skill encompasses a vast range of activities including higher order 
thinking skills such as “visualization, association, abstraction, comprehension, manipulation, 
reasoning, analysis, synthesis, generalization —each needing to be ‘managed’ and 
‘coordinated’” (Garofalo & Lester, 1985). In order to solve a physics problem, students need 
to cognitively process the problem information, such as making a qualitative analysis of 
variables, recalling the relevant equations or laws, mapping the relationships and substituting 
the numbers for calculation. It involves far more than substituting the equations with numbers 
and manipulating them. But it is difficult for us to capture the process of students’ knowledge 
elaboration. However, because representing information and high level cognitive processing 
of information are closely intertwined in science problem-solving (Kozma & Russel, 1997; 
Toth, Suthers & Lesgold, 2002), we are able to make inferences to student’s external 
representations in the interactions to collect insight into his/her cognitive elaborations 
(DeWindt-King & Goldin, 2003). In physics problem solving, this kind of external 
representations normally appear in two ways. Students represent their knowledge 
5.2.1 Visual representation 
Visualization is recognized as a powerful step in a successful problem solving (Van 




picture”. Problem information needs to be accurately and pictorially reflected, while problem 
components need to be interrelated and categorized into an abstract representation, such as 
schema (Kellogg, 1995, pp.167). Visual representations by experts are not only based on 
declarative knowledge about the problem domain, but also on strategic knowledge. They also 
promote a shared understanding of the scientific phenomena (Kozma, 2003). For many of the 
geometric concepts in physics problems, schemas or graphs can express a myriad of words 
in one economical form.  
In order to solve the problem successfully, students need to map the relationships 
between components correctly. A reasonable visual representation of problem information 
should reflect whether the student has a basic understanding of the problem information and 
whether he/she is able to illustrate the variable in a correct form. Based on that, the student 
can undertake a detailed analysis of the individual components, for example, by clarifying the 
direction or magnitude of a force pictorially, or by using a triangular diagram to analyze 
related forces. Final success in problem solving is the result of analyses and syntheses of the 
various variables. Visual representations also serve to facilitate a positive transfer of factual 
knowledge and skills. Therefore, representing knowledge visually is an essential factor in 
problem solving (Presmeg, 1985). Secondary-school physics curricula and textbooks use 
various visual representations to illustrate fundamental concepts and laws. Students are, 
therefore, also taught to represent their understanding in a pictorial manner. Individual 
differences are critical in determining what impact this visual representation will have on 
learners’ cognitive structures and processes (Cook, 2006).  
 
5.2.2 Verbal representation 
Another way of representing knowledge in physics problem solving is through the 
verbal representation, that is, the language-based representation of problem information and 
processing. Verbal representations are found in those messages that discuss the problem 
information and equations, and use scientific terms to convey information or ideas. Citing 
relevant physics laws to bolster argumentation and clarifying the problem-solving process 
logically together are the higher-order thinking skills in physics. They activate students’ prior 
knowledge and establish the basis for an application. According to Kellogg (1995), the 
language used to describe a solution powerfully determines how the problem information is 
processed mentally. For successful problem solving, high-level vocabulary is necessary in 
order to describe a problem solution and to convey problem information in a scientific manner 
(Anderson, 1995). Verbal representation reflects the learner’s perception and comprehension 
of the laws and equations of physics. Moreover, it mirrors students’ free-flow of ideas and 




In collaborative problem-solving, visual and verbal representations are essential 
components in students’ cognitive growth (Montague, 2000). They facilitate students’ 
externalization of problem understanding and foster their knowledge internalization.  
To sum up, as for the first research question, it is hypothesized that there exists a 
significant gender difference in the way of representation knowledge.  
 
5.3 Gender Differences in Cooperative Problem solving 
Our previous study (Ding & Harskamp, 2006) showed that in collaborative learning in 
physics, female students’ learning achievement was sensitive to their partner gender while 
this was not the case for male students. Moreover, the mixed-gender collaboration seemed to 
disadvantage female students. Gendered communication styles may be one of the reasons 
behind this. When female students solve the problems with a male partner, they tend to ask 
questions or paraphrase problem information. Their male partners, on the other hand, are 
more likely to provide help and offer suggestions. In mixed-gender collaboration, a great 
degree of uncertainty can be found among female students. However, females in female-
female dyads are not so submissive. They put forward their ideas freely and actively develop 
problem solving strategies. Collaboration in female-female dyads seems to be better 
balanced than it is in mixed-gender dyads.  
In addition to gendered communication styles, some research has suggested that 
females perform better than males on verbal-ability tests, while males outperform females on 
tests of visual-spatial ability (Kellogg, 1995). This finding leads us to the question of whether 
female and male students use different ways to represent knowledge when solving a physics 
problem. However, for the second research question, whether students’ visual and verbal 
representations are influenced by their partner’s gender in dyadic physics problem-solving, it 
is still difficult to hypothesize. So far, very few attempts have been made to explore the 
gender difference in this regard. Do females tend to convey the problem information and 
describe the solution verbally, while males are more likely to use pictures or charts to 
illustrate the problem components and the relationship between the variables? Is their 
representation mode affected by their partner’s gender? Finding answers to these questions 
is essential for unraveling students’ cognitive activities in collaborative problem solving.  
 
5.4 Methods 
5.4.1 Representation Modes 
To begin to answer these questions, we have made a distinction between off-task 
representations and on-task ones. Table 5.1 provides examples of how students represent 












words that are not related to the 
problem solving task 
We normally play table 




configurations that are not 




configurations that describe the 
variables or equations of the 
problem or map the relationship 
among all problem components 






words that describe the variables 
or equations of the problem or 
map the relationship among all 
problem components and direct 
to the solution 
I think we should use 
the equation: F=m*a.  
 
Off-task messages refer to the verbal or visual representations that are irrelevant to 
the problem solving task. In collaborative problem solving, there may appear certain amount 
of off-task messages, even in a strictly controlled experimental condition.  
 
5.4.2 Participants 
The study was conducted in a high school in Shanghai, China. Fifty tenth-grade 
students (26 females and 24 males) with an average age of 16 participated in the study. In 
total, there were twenty-five dyads. Students were randomly selected from two classes taught 
by the same physics teacher. Students participating in the study represented various 
socioeconomic backgrounds. This high school ranks among the five best schools in Shanghai. 
Therefore, students have a rather good basic knowledge of physics.  
The ultimate goal of education is to prepare students to work effectively in various 
social situations which are not only limited to single-gender groups (Speck, 2003). With this 
goal in mind, students were randomly paired. There were twelve mixed-gender dyads, seven 
female-female dyads and seven male-male dyads. For research purpose, we defined four 




dyads (M in MG, N=12), females in female-female dyads (F in FF, N=14) and males in male-
male dyads (M in MM, N=12).  
5.4.3 Procedure 
We used a randomized group design with a pre- and a posttest. The treatment took 
around four weeks. First, the teacher gave two introductory lessons on Newton’s Second Law. 
Each took 45 minutes. Then, a 50-minute pretest was administered to students. This 
consisted of five moderately structured problems about Newtonian mechanics. Then students 
were given “pre-flight” training in how to use the communication log-sheets and answer 
sheets. The study consisted of four 45-minute sessions. Students were all exposed to the 
same number of experimental hours and the same instructional materials. Twenty-five dyads 
of students were spread over different classrooms in order to have ample room for 
collaboration without disturbing each other. In each classroom there was a teacher or a 
research assistant who oversaw the experiment.  
This study was a preliminary study for a Computer-Supported Collaborative Learning 
(CSCL) project that focused on the gender difference in knowledge elaboration process in 
CSCL. To this end, we constructed a computer-like learning environment. In the future CSCL 
environment, students will be geographically dispersed. Communication will occur only on the 
computer program’s interface. Therefore, in this preliminary study, although students sat 
together in pairs, they were not allowed to talk or have eye-contact with each other. In order 
to communicate, they had to use the communication log-sheets that were placed between 
them on the desk. This method helped us to preserve students’ communication content and 
capture their cognitive activities. Each dyad was also given two pens in different colors, blue 
and black, to distinguish the different students. In each session, students were asked to solve 
two new problems. The tasks in our experiment were made up of moderately structured 
problems requiring students to solve them in an average of at least three steps on average. 
One of these problems is shown in Figure 5.1. 
 
As illustrated in the picture, a person with 
mass “M” is standing on a platform balance, 
using a rope crossing the crown block to 
drag down an object. The mass of the object 
is “m”. The object falls down with the 








Twenty-five observers selected from the senior-year grade level in the school were 
randomly assigned to each dyad and were rotated after each session. They assumed the 
task of ensuring that each dyad’s communication only took place on the communication log-
sheets. Afterwards, they collected the communication log-sheets and verified which color 
belonged to which student.  
The answer sheets were collected by the teacher for scoring. The communication 
log-sheets were handed over to the research assistant to analyze the students’ cognitive 
representations. On the last day of the experiment students took a posttest. They were asked 
to solve five problems independently. In both pre- and posttest, students had to solve the 
problems individually, without any help from instructional materials or from the peer learners.  
 
5.4.4 Instruments and Data Collection 
In order to boost the quality of the students’ collaboration, for each dyad we gave 
each student five different hints that were compiled in terms of Schoenfeld’s (1992) five 
episodes of problem solving: Read and Analyze the Problem, Explore Prior Knowledge, Make 
a Plan, Implement the Plan and Reflect on the Answer. The hints were designed to consist of 
both visual and verbal representations, and they were assigned to students randomly. Figure 
5.2 is a sample of the hints given for the sample problem in Figure 5.1. 
 
Student A Student B 
Hint 1: Read and Analyze Problem 
 
Don’t forget a<g. 
Hint 1: Read and Analyze Problem 
 
If the person is not moving, what does this 
mean?  
Hint 2: Explore Prior Knowledge 
Do you remember the equation of Newton’s 
Second Law? 
Don’t forget the resultant force.  
Hint 2: Explore Prior Knowledge 
What does this mean, F=m*a?  
F refers to….  
Hint 3: Make a Plan 
Start from analysis of the forces applied on the 
object, and then analyze the forces applied on 
the person. Keep in mind the direction of all the 
forces.  
Hint 3: Make a Plan 
Analyze the forces applied on the object and 
the person separately, then you can get the 





Hint 4: Implement the Plan 
Maybe you’ve already got this: Mg-ma  
Hint 4: Implement the Plan 
Maybe you’ve got this: mg+ma  
Hint 5: Reflect on the Answer 
Have you found a better way to solve the 
problem? 
Hint 5: Reflect on the Answer 
Who has got a better solution? 
 
Figure 5.2 Sample of the hints 
 
The data consisted of students’ pre- and posttest scores, and their written messages 
on the communication log-sheets. Students’ pre- and posttest performances were used to 
examine their prior knowledge and learning achievement. Both the pre- and posttest were 
standardized tests using pencil-and-paper assessment (see Figure 5.1). Each test consisted 
of five questions. Each problem needed to be solved in four to five steps, and each step was 
given 10 points. The problems in the pre- and posttests were similar to the experimental 
tasks. All were word problems about Newtonian mechanics and motion. The correlation 
between the pre- and posttest was 0.74.  
Messages on students’ communication log-sheets were used to analyze their 
cognitive representation during collaboration. Students were asked to write down all the steps 
in the solution. Each step was scored. Written messages about Problems 1, 3 and 7 were 
input into and analyzed by the MEPA program (Erkens, 1998), which provides a database for 
the input/output and the analysis of students’ interactions. Each message written on the 
communication log-sheets formed the basic unit of analysis. Using MEPA the researcher was 
able to evaluate each message and arrive at a general quantitative analysis of all the 
messages. It also provided a visualization function in order to map the analysis results.  
 
5.5 Results 
5.5.1 Learning achievement 
We analyzed students’ pre- and posttest scores to examine whether there was a 
gender difference in the learning achievement. Table 5.2 shows the mean scores and 





Table 5.2: Summary of pretest and posttest scores (means and standard deviations) of 













females in mixed-gender dyads 12 76.58 12.27 77.17 9.65 
females in female-female dyads 14 65.79 15.20 79.14 12.91 
males in mixed-gender dyads 12 69.42 11.95 82.25 9.57 
males in male-male dyads 12 72.58 13.89 78.50 13.15 
Female students 26 70.77 14.71 78.23 11.34 
Male students 24 71.00 12.77 80.38 11.41 
Total 50 70.88 13.68 79.26 11.31 
* Indicates a significant difference from females in the mixed-gender group (p < .01) 
 
In an ANOVA test with “gender” and “group composition” as independent factors and 
“pre-test” as dependent variable, we found that there were no significant differences between 
the male and female students (F(1,46)=1.00, p=.32), nor between the two group compositions 
(single-gender versus mixed-gender; F(1,46)=.01, p=.96). but it turned out that there was a 
slight interaction effect between the two independent variables (F(1,46)=3.34, p=.07).  
The analysis of covariance (ANCOVA) of the students’ post-test performance, using 
their pre-test scores as the covariate (effect highly significant: F(1, 46) =89.04, p=.00), showed 
that there was no significant difference between female and male students in learning 
performances (F (1, 46) = 1.51, p=.23). In general, females did as well as males on the post-
test. There was also no effect between gender and group composition (F(1, 46) =15.22, p=.00).  
A pair-wise comparison with Bonferroni adjustment was specified to examine the 
differences among the four groups. It turned out that females in the MG condition did 
significantly worse on the post-test than did females in the FF condition (F (1, 23) = 9.63, p<.05) 
and males in the MG condition (F (1, 21) = 12.08, p<.05). However, there was no significant 
difference on the post-test scores between males in MG and those in the MM conditions (F (1, 
21) = 4.98, p>.05). 
Apparently, from the perspective of students’ learning achievement, females in the 
mixed-gender dyads were at a disadvantage. Mixed-gender collaboration in physics problem-
solving seemed to favor male students over female students. This result is not surprisingly 
insofar as it is consistent with results of several previous experiments. To explore whether 
female and male students have a different way to represent knowledge, we looked into their 




5.5.2 Visual and Verbal Representations 
Table 5.3 summarizes the mean numbers and the standard deviations of students’ 
visual and verbal representations collected from Problem 1, 3 and 7.  
 
Table 5.3 Mean numbers and standard deviations of students’ visual and verbal 
representations  
 
Visual Interactions Verbal Interactions 
Conditions on-task  off-task on-task  off-task  
females in mixed-gender dyads 
(N=12) 
4.17(2.29) 3.75(2.22) 15.929(7.95) 6.67(3.89) 
females in female-female dyads 
(N=14) 
5.00(2.91) 3.36(2.34) 19.86(10.48) 7.64(5.18) 
males in mixed-gender dyads 
(N=12) 
8.00(3.38) 2.92(2.50) 11.58(7.55) 8.67(5.38) 
males in male-male dyads 
(N=12) 
9.83(2.48) 5.00(2.45) 12.25(9.36) 11.83(7.04) 
Female students (N=26) 4.62(2.62)* 3.54(2.25) 18.04(9.43)** 7.19(4.57) 
Male students (N=24) 8.92(3.05)* 3.96(2.65) 11.92(8.32)** 10.25(6.34) 
Total (N=50) 6.68(3.55) 3.74(2.43) 15.10(9.35) 8.66(5.65) 
 *: The column with * means that there is a significant difference between female and male students.  
**: The column with ** means that there is a significant difference between female and male students. 
 
During problem-solving, male students generated much more visual configurations 
than did female students, F(1 ,48) =28,71, p<.01. In contrast, female students used more 
verbal-based messages to solve physics problems than male students, F(1, 48) =5,89, p<.05. 
The pair-wise Bonferroni comparison showed that students’ representation modes were not 
influenced by their partner gender. For verbal representations, there was no significant 
difference between F in MG and F in FF, F(1, 24) =1,13 , p>.05. Neither was the difference 
between M in MG and M in MM significant, F(1, 22) =,04, p>.05. For visual representations, the 
significant difference between F in MG and F in FF conditions was not significant, F(1, 24) =,64, 
p>.05. The difference between M in MG and M in MM conditions was not significant, either, 
F(1, 22) =2,29, p>.05. This indicated that, no matter whether they were working in a single-
gender or a mixed-gender dyad, male or female students’ knowledge representations did not 
vary. 
Within the mixed-gender dyads, we found that, for verbal representations, the 




equal numbers of verbal representations. However, there existed a significant gender 
difference in visual representations, F(1, 22) =10,56, p<.01. Male students generated 
significantly more visual representations than did female students. It suggested that, except 
the communication styles, female and male students also have difference in visually 
representing knowledge.  
For the off-task messages, there was no significant gender difference, either in verbal (F(1, 48) 
=3,87, p>.05), or visual representations, F(1,48) =2,20, p>.05. There was no significant 
difference between four conditions, either. But there was a tendency that males in male-male 
dyads generated more off-task visual messages than males in mixed-gender dyads, F(1, 22) 
=4,25, p=.05.  
 
5.6 Conclusion and Discussion 
Physics experiences the largest gender gap, and males tend to outscore female 
students (Sadker & Sadker, 1994). Studies of elementary and secondary education have 
revealed that this divergence originates at the high-school level (Lorenzo, Crouch & Mazur, 
2006). Collaborative problem solving seems to be a promising heuristic approach. In 
collaborative learning two or more students work together in order to accomplish a given task 
and so achieve a joint product (Dillenbourg, 1999). Students have to listen to their partners’ 
perspectives and negotiate with each other in order to arrive at a mutual understanding. They 
elaborate on their partners’ ideas, elicit cognitively oriented self-explanations and jointly make 
sense of the task (Nastasi & Clements, 1992). Interpersonal interaction exposes participants 
to different perspectives (Miyake, 2006) and makes difficulties in the solving of problems 
clearer for students while making them more open to interactive problem solving (Heller, 
1992). 
However, the relationship between gender and collaborative learning is a complex 
issue (Ingram & Parker, 2002; Li, 2002; Ding & Harskamp, 2006). The current study has 
suggested that the learning achievement of female students is sensitive to their partner’s 
gender. Female students working in the single gender dyads surpass their counterparts in the 
mixed-gender dyads. But this is not the case for male students. Mixed-gender dyadic 
collaboration seems to disadvantage only female students.  
According to Anderson (1995), the way in which information is represented can affect 
the way it is processed. In order to gain an insight into students’ cognitive activities, we 
examined their cognitive representations during collaboration. We focused on two methods of 
knowledge representation: visual and verbal representations. Both are of vital importance in 
problem solving (Presmeg, 1985). 
As for the first research question, whether there was a gender difference in 




female and male students did have different ways of representing knowledge. Female 
students preferred using verbal representations to convey problem information while males 
were more adept at visualizing problem components and mapping the solving strategies.  
Our second research question concerned whether students’ representation modes 
were sensitive to their partner’s gender. It was found that neither female nor male students’ 
representation modes were affected by their partner’s gender. It can be extrapolated that 
there may not be a great problem for single-gender collaborative problem solving because 
both interlocutors tend to use the same representational way of discussing the problem 
information and working out a solution. However, this finding made us reflect further on the 
mixed-gender collaboration. What kinds of problems may appear when female and male 
students work on a physics problem together but use different ways to represent the problem 
variables and relationships between problem components. We chose a communication log-
sheet of a mixed-gender dyad to gain an insight into this issue. Table 5.4 shows part of the 
communication script. This is based on the problem shown in Figure 5.1. The Chinese 
sentences and words are translated into English below. 
 
Table 5.4: Excerpt of the script of one dyad’s communication log sheets 
 




Shall we first analyze the forces? 
verbal message 
2 male  visual representation 
3 Female 
 
We need to calculate the resultant 
force of F’ and G’, right? 
verbal message 








What about the object? 
verbal message 
6 Male  
 
verbal message 





In this problem-solving episode, the female and male students have exchanged eight 
messages in which the only two visual representations were from the male student (Line 2, 4). 
In responding to the female’s questions which were all expressed in a text-based manner, the 
male student used two visual representations to illustrate the relationship between the 
problem components. Although the visual representation in Line 2 was detailed, the female 
student seemed to be not quite clear about it and questioned about it (Line 3). Instead of 
answering her question in words, the male student zoomed in one part of the first 
representation and listed the equation (Line 4). Such kind of explanation appeared to be 
difficult to grasp. The female student went on asking about the forces applied on the object 
(Line 5). This time, the male student used an equation to answer (Line 6), without any verbal 
explanation. Apparently, the female student was confused at the answer, which was 
demonstrated by her question mark in Line 7. But the male student ignored her question and 
went about to synthesize the equations and ended up this episode. In the following episodes 
which are not shown in Table 3, the male student dominated the problem solving process 
while the female student was the follower.  
This part of the problem-solving episode showed that the deviation in individual 
knowledge elaboration in this dyad may be due to the different representation modes. The 
male student tended to use pictorial messages to respond to his female partner’s questions. 
The female student found that the visual representations, without any verbal explanation 
accompanying them, did not provide an effective explanation. The first visual representation 
was comprehensive enough, illustrating all variables in the problem and mapping out the 
solution plan to a large extent. Nevertheless, this caused problems in understanding it at the 
very outset of problem solving. When a cognitive difference cropped up, she had questions 
about this, but the answer of her male partner was still represented visually, which impeded 




However, while she was still stuck with this visual representation, her male partner had 
already proceeded to the next step in problem solving. At that point, the cognitive difference 
between them has become even larger.  
In addition to this, it should be noted that all messages from the female student in this 
episode were in the form of a question. This is in line with our previous claim that female 
students tend to use questions when they are working with a male student.  
Our purpose in conducting this study was to explore whether students’ cognitive 
representations in physics collaborative learning varied across gender, and whether this was 
affected by their partner’s gender. The results addressed a series of deeper questions: for 
example, how can we enhance the effectiveness of collaborative problem solving once we 
know that female and male students use different ways of representation, or how can we 
foster student collaboration and steer more females into science through collaborative 
learning? Should we provide various instructional methods to balance females’ and males’ 
representations, such as providing female students with more hints about high-level visual 
information? Or should we encourage the male students to use more text-based information 
when they are working with a female partner? These questions would be interesting to 
investigate in future studies.  
Admittedly, there were certain limitations to our study. Firstly, during a four-week 
period it is difficult to assess students’ development of real problem-solving skills. Henderson 
and Dancy (2004) claim that the best evidence of problem-solving skills (as well as an 
understanding of problem principles) is a student’s ability to solve novel problems in real life. 
Students’ problem-solving skills are difficult to be gauged with paper-pencil tests.  
Moreover, due to the limited sample size we could not analyze the relationship 
between students’ cognitive representations and their learning achievement. For future 
research we would suggest a larger sample size and study span and a more flexible 
assessment of students’ problem-solving skills.  
Thirdly, paper-based communication log-sheets might have hampered students’ free-
flow of ideas and representations. As a preliminary study of a large CSCL project in physics 
problem solving, this study focused on looking at students’ written messages. As a result, the 
verbal messages were confined to those written texts. The oral messages might have 
presented a different picture, which was beyond the scope of our research. In our next study 
students will be moving to a computer-supported learning environment to work on problems 
jointly. It is expected that computers might well boost the quality of students’ communication 
to a certain degree.  
Finally, our study presented a general picture about how differently female and male 
students represented their knowledge. We have not looked into the group success or the 
“intersubjective meaning making” process (Suthers, 2006). In collaborative learning, learning 







contacts with other minds. Pfister (2005) suggests that collaborative learning is a process that 
goes from unshared to shared knowledge. Hmelo-Silver (2003) points out that the 
prerequisite to understand collaborative learning is to making sense of students’ conversation 
and the tools mediating their learning. In response to this assertion, we find ourselves left 
with some unknown elements, for example, whether a male’s visual representations 
contributed to the cognitive growth of his partner, and whether the high level visual/verbal 
representations were also related to the partner’s learning achievement, etc. We expect that 
in the future study which will involve computers, the interactions between interlocutors and 
the cognitive elaborations will become more visible, so that we will be able to analyze more 







Visualizing the Sequential Process of Knowledge 





This case study illustrates the sequential process of the joint and individual 
knowledge elaboration in a computer-supported collaborative learning (CSCL) 
environment. The case comprised an Internet-based physics problem-solving 
platform. Six Dutch secondary school students (three males, three females) 
participated in the three-week experiment. They were paired based on self-
selection.  Each dyad was asked to collaborate on eight moderately structured 
problems concerning Newtonian mechanics. Their online interactions, including 
their textual and pictorial messages, were categorized and sequentially plotted. 
The three dyads showed three different collaboration patterns in terms of joint 
and individual knowledge elaboration.  
 
6.1 Introduction 
Research on collaborative learning has demonstrated better cognitive development 
for students than for those learning individually (Cohen, 1994; Dillenbourg, 1999; Johnson & 
Johnson, 1994). Collaborative problem solving is a coordinated and synchronous activity 
within which individuals attempt to solve the problem through reflection, negotiation, 
correction and co-construction of meanings (Roschelle & Teasley, 1995; Van Boxtel, 2000; 
Webb & Farivar, 1999). With respect to knowledge elaboration, collaborative problem solving 
appears to be a promising heuristic task (Heller, Keith & Anderson, 1992; Lehtinen, 2003; 
Nelson, 1999; Teasley, 1995). Our study stems from the elaboration perspective, which 
 
 
5. This chapter is based on Ding, N. (2008). Visualizing the Sequential Process of Knowledge Elaboration in Computer-




stresses the presence of detailed clarifications such as highly elaborated arguments. In our 
previous studies, we found that group composition had a significant influence on female 
students’ communication content and problem-solving foci in the collaborative learning 
process. What is still unclear is the precise nature of the students’ knowledge elaboration 
process in computer-supported collaborative learning (CSCL). Therefore, we have embarked 
on this case study which focused on three dyad’s online collaboration while solving physics 
problems. After analyzing the students’ verbal and visual interactions extensively, we found 
that three individual knowledge elaboration patterns emerged. In the sections that follow, we 
will first delineate the theoretical framework behind collaborative learning, which is the basis 
of the current study. Then we will discuss the specific features of a computer-supported 
learning environment in terms of joint and individual knowledge elaboration. Following this, 
we will give a brief account of the computer program “PhysHint”, used in solving physics 
problems, and how it was applied. Subsequently, we will deliberate on three case examples 
in order to explore joint and individual knowledge elaboration. Finally, the implications for 
future research will be examined. 
 
6.2 Joint and Individual Knowledge Elaboration 
In collaborative learning the group is the learning agent (Suthers, 2006). Heller et al. 
(1992) concluded that group problem solutions were far better than those produced by the 
individual problem-solver. Many conceptual difficulties are quickly and clearly addressed by 
peer learners. The group problem-solving process can be regarded as a joint process of 
knowledge elaboration, which is made up of numerous meaningful artifacts, such as 
utterances, visual representations, gestures, and facial expressions used in face-to-face 
collaboration.  
Elaboration of knowledge is the key factor for students’ effective problem solving and 
in how they learn scientific concepts (De Jong & Ferguson-Hessler, 1993; van Boxtel, 2000). 
To solve a problem collaboratively, highly elaborative messages are not only important for 
group success, but also for knowledge acquisition and expansion of the individual learner. 
There is much research that shows that, working in the collaboration, students’ learning is 
closely correlated with the elaborative explanations instead of simple forms of exchanges 
(Lemke, 1999; Webb & Farivar, 1999; Van der Meijden & Veenman, 2005). However, 
students do not spontaneously generate highly elaborate explanations or questions (King, 
1999).  
Collaborative learning involves the individual’s cognitive elaboration and doesn’t 
reduce it (Stahl, Koschmann & Suthers, 2006). During collaboration there are some 
qualitative differences in the individual’s involvement. Each person has his/her uniquely 
situated prior knowledge and pre-understanding. Knowledge elaboration in collaboration may 
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differ across participants, and each individual may vary in terms of his/her degree of 
contribution and engagement. 
Based on previous research and experimental studies, we found several 
mechanisms that were essential for knowledge elaboration during collaboration. In research 
on what elaborative collaboration is, Sizmur and Osborne (1997) differentiated non-
elaborated exchanges that are not constructed by other participants from elaborated 
exchanges that are extended and deepened on the basis of participants’ previous exchanges. 
They further differentiated individually elaborated exchanges from collaboratively elaborated 
exchanges. Erkens (1997) looked into the extent of students’ interaction and investigated 
whether students shared ideas and understandings with their peers. Kumpulainen and 
Mutanen (1999) distinguished three cognitive processing modes: procedural processing, 
interpretative or exploratory processing and an off-task activity mode. Van Boxtel (2004) 
postulated that elaboration takes place when students used the examples, analogies, and 
experiences to create new relationships. Cohen (1994) pointed out the importance of 
understanding the mechanisms that support or inhibit learning in group interaction. Based on 
these research findings, we found that cognitive difference and subsequent clarification were 
the most important mechanisms contributing to a productive collaboration (Baker, 1999; 
Suthers, 2006; van der Meijden & Veenman, 2005). To resolve the conflict, students may 
offer an explanation, argue or negotiate with each other (Brown & Palincsar, 1989; 
Dillenbourg, Baker, Blay & O’Malley, 1995). However, some studies have shown that 
students often try to avoid conflict partly because of the existence of a dominant role in the 
group, which results partly from the social pressure entailed challenging others (Webb, 1995). 
After conflict emerges, an explanation then seems necessary. This helps students explicate 
their thinking processes and bridge the knowledge gap (Hertz-Lazarowitz, 1992). While 
explicating the thinking process, students can reflect, correct, restructure, and expand their 
knowledge, and thereby promote their conceptual understanding (Van Boxtel, 2000; King, 
1999; Webb & Farivar, 1999). The burden of explanation pushes the students to evaluate, 
integrate and elaborate knowledge in new ways (Van Boxtel, 2000).  
Furthermore, if there is a disagreement, elaborative argumentation takes on equal 
importance. Arguing with a peer learner means both participants share a focus on the same 
issue, assess information for its relevance and map knowledge to form a sound argument. 
But sometimes so-called “face saving” may result in a blind acceptance of any solution 
including those that inhibit the argumentation.  
Another way to resolve the conflict is through negotiation. Negotiation facilitates an 
awareness of shared goals (Dillenbourg, 1999). However, it has been found that learners 
tend to avoid negotiation as well (Chang, Sung & Lee, 2003).  
These mechanisms depict an ideal form of elaborative collaboration from which both the 
group and individuals may profit. Nevertheless, both joint and individual knowledge 
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elaboration may present a somewhat different picture in a computer-supported learning 
environment. In the next section, we will discuss several features of knowledge elaboration in 
CSCL. 
 
6.3 Knowledge Elaboration in CSCL 
In the computer-mediated learning environment that our study is mainly concerned 
with, verbal and visual representations in student interactions are of ultimate importance for 
the joint knowledge elaboration of students. The interactive feature of CSCL facilitates the 
students’ self-consciousness about misconceptions and the gap in knowledge between peer 
learners, as well as their modification of prior knowledge that might lie beyond their repertoire 
(Miyake, 2006). Previous CSCL studies, however, have indicated a high proportion of task-
unrelated exchanges that hamper knowledge elaboration (Howe, Tolmie, Duchak-Tanner & 
Rattray, 2000; De Corte, Verschaffel, Entwistle, & van Merriënboer, 2003). The following 
reasons may help explain some of this.  
First of all, the lack of co-present cues in the synchronous CSCL may influence 
students’ communication. Learners have no access to facial expressions, body language, 
and tone of voice. A substantial amount of incoherent communication is to be expected as a 
result.  
Secondly, shared contextual cues are reduced, leading to a controversial effect on 
students’ knowledge elaboration. On the one hand, reduced shared context is expected to 
bring about a reduction in utility (Suthers, 2006). For instance, participants have the difficulty 
in using deictic reference. Instead of saying “that one” or “this one” they have to describe the 
referent explicitly. It can be assumed that the explanations may then appear in a simple form, 
while the negotiation may end up being less effective than it would be in face-to-face 
collaboration. On the other hand, in a face-to-face setting the presence of other people can 
inhibit the participant’s performances due to fear of failure (Dix, Finlay, Abowd & Beale, 1998). 
It may then be predicted that participants will be able to focus their attention on the task in 
online collaboration with a dearth of social distractions. Moreover, the visible and preservable 
talk that is transitory in a face-to-face setting may serve to deepen students’ thinking and 
facilitate a higher level of elaboration. Text-based communication loses most of the low-level 
feedback of face-to-face conversation (Dix, et al, 1998). So we may expect better elaborative 
interaction with explicit back-references and a greater free-flow of ideas in CSCL talk. 
 
This study is part of a large research project concerning the gender difference in 
knowledge elaboration within a CSCL environment. Our previous studies used the Bales’ IPA 
model and Schoenfeld’s five problem-solving episodes to investigate the effect of partner 
gender on students’ problem solving learning. It was found that female students behaved 
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differently in mixed-gender and same-gender dyads. But this knowledge seemed insufficient 
to explain how the mixed-gender collaboration disadvantaged female students in science 
problem solving, especially in terms of how female students deviated from joint knowledge 
elaboration over time (Harskamp & Ding, 2006; Ding & Harskamp, 2006). Moreover, 
measuring the frequencies or categorizing students’ exchanges is inadequate in CSCL 
research; this is because both of these methods ignore how contextual information influences 
the individual response. Brown and Palinscar (1989) pointed out the necessity of a "fine-
grained" analysis in order to understand the process of collaborative learning. A process-
oriented approach is, therefore, necessary to examine the process of collaboration 
(Dillenbourg, et, al, 1995). The present study seeks to trace the process of joint and individual 
knowledge elaboration during problem solving and to uncover the difference in elaborative 
work between collaborating individuals.  
 
6.4 Materials and Methods 
This study is a descriptive study focusing on an in-depth understanding of the 
interaction between the selected cases. Admittedly, the individualistic features of the cases 
unavoidably destroy the representativeness and the findings are inadequately generalized to 
the gender research.  
The rationale to analyze students’ knowledge elaboration is based on the following 
assumptions: 
-- Joint knowledge elaboration can be reflected in the content of dyadic 
interactions. 
-- Individual knowledge elaboration can be reflected in the content of individual 
communicative representations. 
-- No piece of communicative representation exists in isolation, but is embedded 
in a context.  
 
6.4.1 Elaboration Value 
As stated in knowledge-building pedagogy, ideas can be improved. The problem-
solving task is a goal-oriented task. To solve the problem, students communicate with each 
other to accomplish a set of goals and sub-goals. Thus, the messages they exchange could 
well be interpreted as stepping stones directed toward goals. Analysis should serve to 
describe and discern that behavior which is related to goal achievement. If we define the first 
message that students exchange as the initial state and the subsequent one as meaningfully 
interrelated to it, we can then plot the track of joint and individual contributions with the help 
of a sequential analysis of collaboration. 
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We have used the sequential analysis that acknowledges that the message is a 
function of its context. In order to quantify each message so as to be able to plot the sum 
along the timeline, we analyzed the content of each message and endowed each with a 
number, -1, 0 or +1. This was roughly in line with Kumpulainen and Mutanen’s (1999) three 
cognitive processing modes. They acknowledged that procedural processing referred to the 
routine execution of a task without improving on the ideas. Interpretative or exploratory 
processing referred to students’ deep engagement in a problem solving activity, while off-task 
activity referred to absent-minded activities or off-task social talk. The differences between 
Kumpulainen et al’s modes and our elaboration values are, first, that we have acknowledged 
the importance of elaborative questions. An elaborative question not only keeps the joint 
collaboration on the right track, but it also improves individual understanding. Therefore, not 
only is the interpretative or exploratory processing endowed with a +1 point, but so is the 
elaborative question. Secondly, our study has focused on a computer-mediated synchronous 
learning environment with a dearth of shared social context. As mentioned previously, a large 
number of in-coherences have been found in CSCL interactions. Therefore, when we 
evaluated each message, we did not merely relate it to the previous message, but to the 
whole context.  
Given the transcript below which is related to the space explorer problem shown in 
Table 6.2, we went about identifying each message to see how it was related to the final 
solution of the problem (Table 6.1).  
 
Table 6.1 Elaboration Values 
Number Description Example 
+1 messages elaborating on knowledge 
and contributing to the final solution  
Student A: What is Newton’s 2nd Law? 
Student B: F=m*a 
0 messages remaining on the previous 
elaboration level 
(Student B: F=m*a) 
Student A: Yeah. 
-1 messages that are irrelevant to the task 
and distract from the problem-solving 
task 
Student B: You’ll be going to Rome, 
won’t you? 
 
If the message was off-task and distracted the students’ attention while problem 
solving, it was given minus one (-1). If it was a task-related message but did not advance the 
solving process, it was given zero (0). The presence of a great deal of messages that were 0-
valued would indicate that the students communicated sufficiently, but cognitively they 
stopped at a certain level. This serves to distinguish between the superficial and the 
elaborative talk in collaboration. When a message was pertinent to the task of problem 
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solving and was contributive to the final success in problem solving, it was endowed with a 
one (+1). We aggregated the values of each message and plotted the sum according to the 
time sequence (see the example in Figure 6.3). The next step was to distinguish the 
individual roles in problem solving. For each individual, we added up the numbers one after 
another and plotted the sum sequentially (see the example in Figure 6.4).  
A general picture of joint and individual knowledge elaboration should giver some 
insight into elaboration in a computer-mediated synchronous problem-solving setting.  In the 
remainder of this article, we will exemplify the analysis of the process of knowledge 
elaboration using this method. We will look in detail at the collaboration of the three dyads’ in 
the space explorer task, which was the second problem that they worked on.  
 
6.4.2 PhysHint: Computer-Supported Collaborative Problem Solving  
The computer program “PhysHint” was designed to improve students’ problem-
solving skills in moderately structured physics problems. It was compiled with SQL to 
facilitate a synchronous online collaboration. Technically, it can enable 100 dyads to work on 
the problems at the same time. There are five sections in the PhysHint interface, as shown in 




Figure 6.1: Interface of PhysHint 
 
The problem section shows the problem information. The problem could not been 
read until both partners logged into the system. Doing this prevented one student from having 
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more time to read and think about the problem than his/her partner (see the sample of the 
problem in Table 6.2). In this experiment, eight physics problems in the database were used. 
Four problems (Problems 2, 3, 6, 8) had only one question, while Problems 1, 4, 5, 7 included 
two sub-questions. 
 
Table 6.2 Sample problem in the case study 
 
A space explorer (1500 kg) rises from the 
surface of a certain planet. The pushing 
force generated by the motor is constant. 
When the explorer is ejected, the motor is 
powered off because of some technical 
problem. As shown in the picture on the 
right, the speed of the explorer changes as 
the time passes. From this picture, can you 
tell the maximum height the explorer has 
reached and the magnitude of the pushing 




The hints section offered each student five “hints” for each problem. All the hints 
were compiled on the basis of Schoenfeld’s five episodes of problem solving (reading the 
problem, recalling prior knowledge, making a plan, implementing the plan, reflecting on the 
answers). To strengthen students’ communication we gave different students within the same 
dyad different hints so that they had to engage in exchanges about what they read (see the 
sample of hints in Table 6.3). 
 
Table 6.3 Sample of Hints 
Student A: Student B: 
Hint 1:  
How many periods has the space explorer 
experienced? What are the initial speeds and 
resulting force? 
Hint 1: 
Read the problem and you will find that the 
explorer has experienced several periods. In each 
period, the initial speeds and resulting forces 
were different. Please list them. 
Hint 2:  
Did you remember Newton’s Second Law? What 




Do you remember this equation: s=vot+½at2. How 
can you get a? Does a stay constant? 
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Hint 3: 
First start from period 0-8 s, then you can find 
the acceleration. After that, go on to calculate 
the gravity acceleration and gravity in period 8-
24 s. 
Hint 3: 
The acceleration in period 0-8s is the acceleration 
due to the resulting force, while the acceleration 
in period 8-24 s is the one due to gravity.  
Hint 4: 
Maybe you arrived at this number: 7500 N 
Hint 4: 
Maybe you arrived at this number: 16 s. 
 
Hint 5: 
Do you have a better solution? 
Hint 5:  
Do you agree with your partner? 
 
In the drawing section, students were able to draw the variables and vectors using 
geometric forms, arrows and lines. They could also illustrate the objects with different colors. 
What one student drew would be automatically shown on his/her partner’s computer. The 
chatting section resembled the MSN Messenger or Yahoo Messenger that students were 
familiar with. In the texts shown we used different colors (black and blue) to distinguish 
between the two students in the same dyad. After the students arrived at the answer, they 
submitted this answer using the answer section. The final submission of the answer was 
based on mutual agreement of the dyad. For each problem each dyad had two chances to 
submit an answer. The second time they failed to give a correct answer, a pop-up window 
with a “worked-out example” (Table 6.4) was generated. 
 




















6.4.3 Participants and Procedure 
Six tenth graders (three females and three males) from a Dutch secondary school 
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(VWO) participated in the five-day experiment in June, 2006. According to the students’ term-
examination scores, we limited our scope to average students who received 6 or 7 points in 
physics exams (10 is the highest grade in the Dutch education system). Before the 
experiment the students knew each other very well. There were three dyads: a mixed-gender 
dyad, a female-female dyad, and a male-male dyad. The dyads were assigned to different 
periods of the day.  
Prior to the experiment, each dyad was given a twenty-minute pre-flight training 
session and a sample problem in order to learn how to use the PhysHint. On each day they 
were asked to solve one or two moderately structured physics problems within one and a half 
hours. Each participant was provided with a desktop computer with the Internet connection. 
In the experiment students were assigned to different rooms to avoid talk or eye-contact. The 
entire experiment was overseen by the researchers.  
 
6.5 Case Studies 
6.5.1 Implementation of the Study 
During the experiment, the three dyads worked on eight problems. They all failed the 
first question. The male-male dyad (Henry and Peter) succeeded in solving Problems 3, 4, 5a, 
6 and 8; the female-female dyad (Sandy and Carol) succeeded in solving Problems 4, 5, 6, 7 
and 8; the mixed-gender (Jenny and Ralf) succeeded in solving Problems 2, 3, 4, 5, 6, 7 and 
8. All the participants have been pseudonymous.  
 
The male-male dyad: Henry and Peter 
Henry and Peter were the two male students. Their physics scores in the school 
exam were 7.4 and 7.5 respectively. At the beginning of each session they liked to start by 
exchanging a few short greetings or emoticons with each other before reading the problems. 
Examining their messages, we found a high proportion of task-unrelated messages. They 
produced the most drawing messages, but 43 percent of their drawing messages were task-
unrelated In addition, compared with the other dyads, Henry and Peter spent the least time 
on reading the worked-out example. 
 
The female-female dyad: Sandy and Carol 
In their school exam, both Sandy and Carol scored 7.5 points in physics. They spent 
around thirty minutes on each problem, generated the least off-task messages and always 
finished the problems earlier than the regulated experiment time. We also noticed that at the 
beginning of each problem, Sandy and Carol spent a lot of time reading the problem 
information before communication. After finishing the problem, the girls went on to read the 
worked-out example, spending more time at this than the other dyads did. This dyad 
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produced the least number of visual messages, only two percent of their messages were 
visual.  
 
The mixed-gender dyad: Ralf and Jenny 
In their school exam Ralf had received 7.8 points while Jenny scored 7.6, so there 
was no substantial difference in their prior knowledge of Newtonian mechanics. During the 
experiment, Ralf and Jenny solved seven out of eight problems. In each experiment session 
they were the ones who spent the most time on problem solving. They also exchanged the 
most messages. Sometimes when they couldn’t solve the problem within the experiment 
time, they asked for five minutes more to finish the problem solving.   
 
Table 6.5 shows the number of visual and verbal messages that each dyad 
generated during the experiment, as well as the time each dyad spent on the problem as well.  
 
Table 6.5 Time Spent and Number of Verbal and Visual Messages for All Eight Problems 
 
 P.1 P.2 P.3 P.4 P.5 P.6 P.7 P.8 Total 
Duration 25:34 19:36 23:13 18:45 16:43 18:57 27:44 23:34 172:06 
Visual 27  28  33  22  24  29  37  32  232 




male) Total 107  93 117 76 81 101 91 105 771 
Duration 39:07 26:47 20:30 35:35 47:16 30:04 31:32 35:45 265.16 
Visual 21 13 17 14 32 23 28 24 172 




female) Total 151 109 110 127 185 155 177 133 1147 
Duration 1:05:18 45:48 47:43 38:42 54:25 50:35 48:37 57:49 406.97 
Visual 54 27 36 24 48 37 39 36 301 




gender) Total 204 175 192 130 194 157 196 143 1391 
 
We found that the Jenny-Ralf dyad spent the most time on the tasks, 406.97 minutes 
in total whereas the Henry-Peter dyad spent the least time, 172.06 minutes. The Jenny-Ralf 
dyad also produced the most messages during their collaboration; 1391 pieces of verbal and 
visual exchanges during the process of solving eight problems. Sandy-Carol generated 1147 
pieces of exchanges. It was interesting to notice that Henry-Peter dyad generated the least 
verbal messages than did the Sandy-Carol and Jenny-Ralf dyads, but they exchanged a 
great many visual messages, around 232.  
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6.5.2 Joint and Individual Knowledge Elaboration 
Next, we will take the space explorer problem as an example in order to visualize 
students’ joint and individual knowledge elaboration. In this problem, students tended to 
make two mistakes: either they took the gravity acceleration for granted or mixed the maximal 
speed and the constant speed. 
Case 1: Henry-Peter Dyad 
Henry and Peter spent 19”07’ in total on the problem. They submitted their answers 
twice, at 11”51 and 19”07’, respectively. Adding up all their elaboration values, we arrived at 
the joint knowledge elaboration curve (on the left in Figure 6.2). We found that the majority of 
the time the elaboration curve rose, which indicated that the dyad was engaged in joint 
knowledge elaboration. Only at the later stage of the collaboration did boys appear to talk 
about something off-task, and the curve then dropped. But later it seemed that they returned 
to the topic. This was reflected in the fluctuating tail of their joint elaboration curve.  
We then added up the elaboration values for the individuals and plotted the sum (on 
the right in Figure 6.2). We found that the curves were entangled with each other for most of 
the time. During the first thirteen minutes, there was no substantial gap between the 
elaboration curves. It was hard to say whether one participant was elaborating more than the 





Figure 6.2 The joint and individual knowledge elaboration by Henry and Peter 
We will now take a closer look at the process by which Henry and Peter discovered 
their misconceptions and elaborated their knowledge incrementally. The following excerpt 
(see Table 6.6) about the acceleration documented all the interactions from 3:59 to 8:01.  
 









1 03:59.4 Henry First get the acceleration 
and then… 
+1 1 1  
2 04:27.8 Henry right? 0 1 0  
3 04:37.4 Peter yep 0 1 0  
4 04:47.2 Henry What’s the equation of 
acceleration? 
0 1 0  
5 05:08.5 Peter hmm…  0 1 0  
6 05:12.4 Peter a=….. 0 1 0  
7 05:12.9 Henry s=at2 0 1 0  
8 05:15.3 Peter ok 0 1 0  
9 05:17.5 Henry or s=gt2 0 1 0  
10 05:56.9 Peter It’s not on the earth, +1 2 1 Cognitive 
Difference 
11 05:57.3 Henry a=g 0 2 0  
12 06:00.4 Henry =9.8 m/s2 0 2 0  
13 06:13.4 Peter so you cannot use the 9.8 
m/s2 
+1 3 2 Cognitive 
Difference 
14 07:02.1 Peter In 8 seconds the explorer 
flew from 0 m/s to 40 m/s 
+1 4 3 Argumentation 
15 07:08.9 Henry o 0 4 0  
16 07:16.4 Henry You are right.  0 4 0  
17 07:49.4 Peter 40/8 +1 5 4  
18 08:00.6 Henry a=5m/s2 +1 6 2  
 
The column “Value” shows the elaboration value of each message, ranging from -1 to 
+1. The column “Joint Value” shows the sum of “Value”. In this case, Henry and Peter earned 
six points during the four-minute collaboration. The numbers in the “Individual Value” column 
were the sums of the individual “Value.” For example, two of Henry’s messages had a “+1” 
during the four-minute interaction. He received two points during this period. In contrast, four 
of Peter’s messages had a “+1” point and he received four points.  
 
Cross Knowledge Elaboration 
Within the four-minute communication Henry and Peter exchanged eighteen pieces 
of text-based messages in order to find the acceleration. From reading the first nine 
messages, one might be impressed at the important role Henry was playing. He proposed 
starting with acceleration, then using the equation and gravity acceleration. Peter looked like 
a follower, working under Henry’s guidance. Until 05:56 we could not tell whether Peter was 
cognitively engaged in collaboration or not.  
The turning point happened at 05:56.9. At that time, the individual cognitive 
difference appeared. This triggered the subsequent argumentation. Peter corrected Henry’s 
proposal and pointed out his misconception. There was a communicative incoherence from 
05:56 to 06:13. It appeared that Peter was engaged in typing his arguments while Henry 
continued with his approach. But the incoherence was not serious because Peter still 
successfully used his argument to clarify the points. In the following collaboration, Peter 
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guided Henry towards the correct way of solving the problem. Finally, they found the 
acceleration together.  
From Peter’s argumentation we found that his previous words were not indicative of a 
“free-ride.” He was keeping a close eye on his partner’s processing. They took turns 
dominating the knowledge elaboration. From the individual elaboration process, it was hard to 
find a salient difference between Henry and Peter. Both of the participants pushed the 
process of problem solving and knowledge elaboration. Their individual knowledge 
elaboration curves looked more like two crossed curves. Consequently, we named such a 
pattern a “cross knowledge elaboration”. We acknowledged the individual difference in joint 
knowledge elaboration. Some differences might be due to the initial cognitive difference that 
the participants brought to the collaboration; others might result from the communication in-
coherence of CSCL. We found that mechanisms like argumentation contributed to both joint 
and individual knowledge elaboration.  
 
Case 2: Sandy-Carol Dyad 
Sandy and Carol spent 15”34’ on the problem. At 14”07’ they attempted to answer for 
the first time, and at 15”34’ for the second time. They also only correctly solved the force, 
failing with the maximum height.  
From the illustration of their joint knowledge elaboration (on the left in Figure 6.3), we 
found that the girls barely talked to each other about anything off-track during their problem 
solving. However, during the last stage of the problem solving, it seemed that they reached a 
plateau where there was no further advancement of knowledge elaboration.  
After plotting the sum of Sandy and Carol’s values respectively, we were able to 
visualize the individual elaboration process (on the right in Figure 6.3). We found that there 
was a substantial gap between the girls. Sandy seemed to excel Carol in knowledge 
elaboration and guided her from beginning to end. But we also noticed that the curves stayed 
roughly parallel to each other. It looked like that Carol was following closely all the time, but 






Figure 6.3 The joint and individual knowledge elaboration by Sandy and Carol 
 
Table 6.7 Excerpt of Sandy-Carol dyad’s interaction during the space explorer problem 
No Time 
Sequence 





1 05:37.0 Carol The maximal speed, 40 m/s 
at 8th second 
1 1 1  
2 05:51.5 Sandy You mean the final speed. 0 1 0  
3 05:56.9 Sandy But this is not the constant 
speed 
1 2 1  
4 06:03.0 Carol 
So? 
0 2 1 Cognitive 
Difference 
5 06:15.8 Sandy So we need a  1 3 2  
6 06:33.9 Carol Acceleration? 0 3 2  
7 06:45.1 Sandy Y. a=s*t 0 3 2  
8 06:47.7 Sandy O, no, a=s/t 0 3 2  
9 07:00.6 Carol 
? 
0 3 2 Cognitive 
Difference 
10 07:03.5 Sandy S=vo*t+1/2*a*t2 1 4 3 Explanation 
11 07:14.0 Carol ==> a=s/t? 0 4 1  
12 07:36.2 Sandy No, no. I am wrong.  0 4 3  
13 07:58.9 Carol Is a the g? 0 4 1  
14 08:27.7 Carol 9.8 m/s2 0 4 1  
15 08:29.1 Sandy 9.8 is only on the earth 1 5 4  
16 08:33.5 Carol So?  0 5 1  
17 08:40.0 Sandy It is now on a planet. 1 6 5 Explanation 
18 09:34.3 Sandy We should go back to the 
initial and final speed 
between 0-8 s. 
1 7 6 Explanation 
19 09:42.4 Carol Ok  0 7 1  
20 09:54.7 Sandy a=5 1 8 7  
21 10:04.0 Carol 
How to get to 5? 
0 8 1 Cognitive 
Difference 
22 10:08.0 Sandy a=(vt-v0)/t 1 9 8 Explanation 
23 10:21.1 Carol 40-0/8=5? 1 10 2  
24 10:23.6 Sandy Right. 0 10 8  
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Parallel Knowledge Elaboration: 
When we looked at the overall individual elaboration curves, we were impressed by 
the gap between Sandy and Carol. The difference between their individual elaborations was 
clearly addressed. Sandy seemed to play a dominant role, and most of the time she achieved 
a higher elaboration level than did Carol. But it is also worth noting that the knowledge 
elaboration curves remained roughly parallel until the end of the collaboration. This was 
defined as a “parallel knowledge elaboration” pattern.  
When we zoomed in on one of their problem-solving episodes, we found one key 
feature that contributed to the parallel knowledge elaboration between the girls. That was 
explanation. Once they encountered a cognitive difference, Sandy’s explanations helped the 
dyads reach an understanding.  
Among the 24 messages, Carol used a question mark nine times. Some of the 
questions played an important role in keeping up with her partner’s knowledge elaboration. 
Most of Sandy’s messages hinged around Carol’s questions. At 06:03 when Sandy pointed 
out her misinterpretation, Carol asked “then?”. This question triggered Sandy’s concrete 
solving strategy. While Sandy was recalling the relevant equations, Carol also asked two 
questions. From her question we knew that she was keeping a close eye on Sandy’s 
progress. Once Sandy came up against the barrier, Carol proposed her own idea, “Is a the 
g?” (Line 13). The reason that she used a question mark might be due to her lack of 
confidence. When Sandy’s explanation was ambiguous and haphazard, Carol questioned her 
closely (Line 16), asking for a full and reasonable explanation. Another important question by 
Carol was at 10:04 when she became confused at Sandy’s abrupt answer (Line 21). She 
asked about how Sandy got the 5 m/s2. According to her question, Sandy listed the equation 
as an explanation, triggering Carol to do further calculation. From the excerpt we found that, 
based on Carol’s questions, Sandy elaborated her explanation more logically. The 
collaborative problem-solving and knowledge elaboration process was jointly propelled by 
both of the girls, where Carol was the questioner and Sandy was the respondent.  
 
Case 3: Jenny-Ralf Dyad 
We will now take a look at how Ralf and Jenny worked on the space explorer 
problem. In total, Ralf and Jenny spent more than one hour (1’05”) on it. They exchanged 369 
messages (312 verbal representations and 57 visual representations). Of those, 361 were 
task-related. Among the 57 visual representations Ralf produced fifty-two visual 





Figure 6.4 The joint and individual knowledge elaboration by Ralf and Jenny 
 
In comparison with the other two dyads, this dyad spent the most time on this 
problem and exchanged the most messages. From the illustration of their joint knowledge 
elaboration (on the left in Figure 6.4), it was found that the overall elaboration curve rose 
smoothly, without any sharp drop of off-task talk as what we found in the Henry and Peter 
dyad. After the dyad reached a plateau, they still furthered their knowledge elaboration and 
propelled it to a higher level, unlike the Sandy-Carol dyad.  
From the perspective of joint knowledge elaboration, this dyad was successful in this 
problem. However, when we plotted the sum of individual elaboration values (on the right in 
Figure 6.4), we found two divergent curves. Only in the first five minutes were Ralf and 
Jenny’s curves entangled with each other. After that, a gap appeared and the gap tended to 
become larger and larger.  
Based on this, we traced the timeline and circled the time point at which Ralf and 
Jenny diverged, that is, between 12:51 and 19:07. Then we zoomed in on the conversation to 
diagnose the crux of the divergent individual elaboration curves. Figure 6.5 magnified both 
their joint (on the left of Figure 6.5) and individual elaboration processes (on the right of 




Figure 6.5 The joint and individual knowledge elaboration by Ralf and Jenny from 12:51 to 
19:07 
 
Table 6.8 Excerpt of Jenny-Ralf dyad’s interaction during the space explorer problem 
No Time 
Sequence 






1 12:50.6 Jenny What is its acceleration? 
1 1 1 
Cognitive 
Difference 
2 12:53.4 Ralf a weird equation about 
acceleration 0 1 0  
3 13:10.8 Jenny a=1/2*s*t2 0 1 1  
4 13:24.5 Jenny an acceleration in this 
equation 0 1 1  
5 13:38.6 Ralf then it is not very difficult 0 1 0  
6 14:08.0 Jenny s=v*t, useful? 0 1 1  
7 14:20.5 Ralf Let me have a look 0 1 0  
8 14:53.8 Jenny v is constant? 0 1 1  
9 15:38.7 Jenny or, s=v0*t+0.5a*t2, useful? 1 2 2  
10 15:43.9 Ralf S=v0*t+1/2(1/2*(s*t)*t2)*t2 0 2 0  
11 16:03.2 Jenny Yeah, that should come... 0 2 2  
12 16:14.8 Ralf the speed is not constant 1 3 1  
13 16:20.6 Jenny hmm... 0 3 2  
14 16:34.5 Ralf s=v*t should work for a 
constant speed  1 4 2  
15 16:40.6 Ralf So we cannot use this one 0 4 2  
16 16:54.0 Jenny It is constant, isn’t it? 
0 4 2 
Cognitive 
Difference 
17 16:58.6 Ralf I know a 
0 4 2 
No 
Explanation 
18 17:04.2 Jenny What is it? 0 4 2  
19 17:10.5 Ralf It is in ms2 1 5 3  
20 17:17.6 Jenny Yeah 0 5 2  
21 17:24.6 Ralf thus, you must check how 
faster it flies than before 1 6 4  
22 17:37.1 Ralf Look at the graph, at 0 
second, it flies with 0m/s 0 6 4  
23 17:41.0 Jenny yes 0 6 2  
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24 17:41.5 Ralf and at 8 second, 40 m/s 1 7 5  
25 17:51.7 Ralf thus, within this 8
accelerates to 40m
 second it 
/s 1 8 6  
26 17:59.1 Ralf then in 1 second 0 8 6  
27 18:03.7 Ralf 40?8 0 8 6  
28 18:08.8 Ralf 40/8 1 9 7  
29 18:15.0 Jenny this is with the delta v/delta t 0 9 2  
30 18:30.9 Jenny or is this using another 
equation? 0 9 2 
Cognitive 
Difference 
31 18:33.0 Ralf What is 40 /8?? 
0 9 7 
No  
Explanation 
32 18:47.6 Jenny 5 1 10 3  




ound there were at least two problems that resulted 
in the d
7). The gap between Ralf and Jenny’s knowledge elaboration was 
becomi
orative collaboration, 
ne price paid was Jenny’s relatively low-level knowledge elaboration.   
 
nt Knowledge Elaboration: 
We circled the staging area and f
ivergent knowledge elaboration.  
The first was the incoherence in communication occurring between 15:38 and 16:14. 
Although we also found some communicative incoherencies in Henry-Peter’s and Sandy-
Carol’s interactions, the one between Jenny and Ralf was especially destructive for Jenny’s 
knowledge elaboration. Jenny tended to hedge or to ask questions while Ralf was more likely 
to go directly to the calculation. At one point, there was incoherent communication: Jenny 
was still stuck on the previous question (e.g. Line 16) while Ralf had already switched to the 
next episode (e.g. Line 1
ng exacerbated.  
The second problem was Ralf’s no-explanation and Jenny’s no-negotiation. There 
were two turning points caused by Ralf’s ignoring of Jenny’s questions from 16:54 to 18:30. 
Firstly, Jenny argued that the speed might be constant (Line 16). She used a question format 
to put forward her idea, implying that she was not very sure about it. But Ralf ignored her 
question, declaring that he had found out how to calculate the acceleration (Line 17). Instead 
of questioning him closely, we found that Jenny also gave up on her question and soon 
accepted Ralf’s suggestion. Next, at 18:15, when Jenny asked how Ralf got the 40/8, she 
mentioned delta v/delta t (Lines 29 & 30). This showed that she was still confused about the 
speed. But Ralf did not offer her any explanation. Instead, he asked Jenny to do the 
calculation (Line 31). Jenny followed his instruction and put aside her doubt once again (Line 
32). Their collaboration on acceleration ended up with several unsolved questions on Jenny’s 
part. Given the necessity of explanations, Ralf’s ignoring and Jenny’s stop-asking behavior 
seemed to be detrimental. Although this dyad generated the most elab
o
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6.5.3 Summary of Case Studies 
We collected both students’ verbal (text-based chatting) and visual (computer-
supported drawings) exchanges and used the elaboration value to explore their knowledge 
elaboration process. Table 6.9 summarizes each dyad’s individual elaboration patterns 
across eight experimental problems.  
 
Table 6.9 The individual knowledge elaboration patterns of the three dyads in all problems 
 
 P. 1 P. 2 P. 3 P. 4 P. 5 P. 6 P. 7 P. 8 
Henry-Peter X X < = X = = X 
Sandy-Carol = = = = X X X X 
Jenny-Ralf < < = < < < = < 
 
* X: cross pattern; =: parallel pattern; <: divergent pattern. 
 
One thing should be noted, when we defined the students’ individual elaboration 
patterns, we focused on the majority of the solving time, and on the major feature that 
characterized the dyad. For instance, whether the curves became entangled with each other 
or remained parallel in a divergent pattern, we named this simply a divergent pattern because 
the dominant feature was two curves diverging from each other.  
Generally speaking, it is hard to say that one dyad stuck to one pattern all the time. 
For example, in the Henry-Peter dyad, the individual knowledge elaboration patterns were 
more or less mixed. However, it was worth noting that there was no divergent pattern in the 
Sandy-Carol dyad whereas there was no cross pattern in the Jenny-Ralf dyad. Furthermore, 
within all the divergent patterns in the Jenny-Ralf dyad, Ralf’s curve always stayed above 
Jenny’s.  
 
6.6 Conclusion and Discussion 
When we looked into the content of students’ interactions through the lens of 
knowledge elaboration, we found three unique patterns of individual knowledge elaboration: 
cross knowledge elaboration with two crossed elaboration curves; parallel knowledge 
elaboration with two almost parallel elaboration curves; and divergent knowledge elaboration 
with two deviating elaboration curves.  
In the cross elaboration pattern, we found two mechanisms: cognitive difference and 
argumentation. Once Henry found that he had a different idea to Peter, he addressed the 
difference directly and used an argument to support himself.  Although there was one 
instance of communicative incoherence, their discussion still went well and both participants 
reached an understanding. However, the Henry-Peter dyad had the most mixed elaboration 
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patterns and they solved fewer problems in comparison than the other dyads. In this dyad, 
we found a large amount of off-task talk and low-level routine discussions without 
constructive thinking. The computer facilitated their communication and co-construction of 
knowledge, but sometimes they worked on the problem too rashly because it was too 
convenient to submit and check their answers.   
In the parallel elaboration pattern, mechanisms such as cognitive difference and explanation 
were found. While Henry had a different problem-solving approach to Peter, Carol had not 
even conceived of a concrete approach yet. She used several short and simple questions 
revealing what she did not know. Responding to her questions, Sandy explained step by step, 
although some explanations appeared to be rather simple and haphazard. There also were 
in-coherencies in communication. Still, their interaction was generally effective. However, in 
line with our previous findings (2006) that female students’ tend to express their ideas 
verbally, in the Sandy-Carol dyad we found the least amount of visual representations. In the 
physics problem-solving tasks, many geometric concepts such as schemas or graphs can 
express myriad words in economical form. A lack of visual representation runs the risk of 
curtailing problem-solving effectiveness.  
For the Ralf-Jenny dyad, the divergent elaboration pattern was dominant. However, 
the dyad was productive, since we took the group as a unit of analysis. From Table 6.6, we 
knew that the mixed-gender dyad, the Jenny-Ralf dyad, seemed to be the most productive 
dyad. They solved the most problems, exchanged the most visual and verbal messages and 
spent the most time on problem-solving tasks during the experiment. However, this came at 
the cost of a deviation in Jenny’s individual knowledge elaboration. The mechanisms that 
resulted in the divergent individual elaboration were Ralf’s ignoring-questions and Jenny’s 
stop-asking activities. In a computer-mediated distance learning setting, the lack of a shared 
context and co-present cues may inhibit students’ communication and knowledge elaboration 
(Stahl, 2006), at least as far as the individual knowledge elaboration is concerned.  
Our case study has the potential to shed light on research on collaborative learning 
as a group process versus an individual process, which is “a tension at the heart of CSCL” 
(Stahl, et al, 2006). First, we took a “close-up” view of the process involved in the students’ 
cognitive elaborations. We were interested in questions such as how they responded to their 
partner’s message, how they process the received information cognitively, how they 
elaborate the knowledge jointly and individually, and what the difference was between joint 
and individual knowledge elaboration. Second, we used the elaboration values to evaluate 
each message and visualize the process of elaboration by plotting the values along a timeline. 
Such visualizations offered us a direct impression of the difference between the different 
dyads and the difference between the participants within a dyad. Third, we differentiated the 
joint cognitive activity from individual cognitive activities. Doing so helped us explain the 
dilemma of one group succeeding at the cost of one of the individuals.  
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Still, there are two points that should be pointed out. First, more patterns or more 
mechanisms may have been revealed if we had involved more dyads in the study. Secondly, 
it is hard to say that one pattern excelled the others. It depended largely on whether we took 
the group or the individual as a unit of analysis.  
Due to the limited number of participants, we were also unable to correlate the 
elaboration patterns with the learning performance through CSCL as well. However, our 
microscopic analysis of the Ralf-Jenny dyad indicated why one student was put at a 
disadvantage while the group succeeded. Even if consensus was reached, there was always 
the possibility that one student might revert to being not cognitively involved. In our future 
research, we will be investigating whether female students are generally at a disadvantage in 
terms of individual knowledge elaboration, and we will explore whether the patterns are 





Exploring the Gender Difference in Students’ 




The aim of the study is to explore the gender difference in the knowledge 
elaboration process in Computer-Supported Collaborative Learning (CSCL). A 
sample of 96 secondary school students, aged 16, participated in a two-week 
experiment. Students were randomly paired. They were asked to solve six 
moderately-structured problems concerning Newtonian mechanics. Students’ 
pre- and post-test performances were analyzed to see whether gender and 
group composition (mixed or single gender) were significant factors for their 
problem solving learning in CSCL. Their online interactions were analyzed to 
unravel the dynamic process of individual knowledge elaboration. We found 
that female students’ learning performance is sensitive to their partner gender, 
but that is not the case for male students. Within the mixed-gender dyads, the 
male students tend to outscore the females. The multilevel analyses revealed 
how the female students are at a disadvantage in mixed-gender collaboration.  
7.1 Introduction 
Computer-Supported Collaborative Learning (CSCL) has become a promising 
heuristic way in school practice, and in the past decade it has been increasingly applied as 
an integral part of physics education. Yet, to date, very little CSCL research has been 
directed towards the issue of gender pairing. Questions such as whether in CSCL female and 
male students benefit equally from the mixed- and single-gender dyads, whether the 
knowledge elaboration process in mixed-gender dyads presents a different picture in 
comparison to that in single-gender dyad, and how learning performance is related to the 
knowledge elaboration process still need empirical investigation.  
 
 
6. This chapter is based on Ding, N., Bosker, R. & Harskamp, E. (2009). Exploring the Gender Difference in Students’ 
Knowledge Elaboration Process in CSCL , submitted to Science Education 
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This study aims at investigating the gender-pairing in physics problem-solving in a 
synchronous CSCL setting. We start with a literature review on gender problem in 
collaborative physics learning. In the following sections, we will discuss some technological 
properties of CSCL that may influence students’ knowledge elaboration. Secondly, a brief 
summary of the design of the experiment is given. Following this, we will explore the gender 
difference in learning performance and knowledge elaboration patterns. Based on the initial 
results, we will study the relationship between students’ gender, knowledge elaboration and 
learning performance with the help of multilevel analyses. Finally, the research implications 
will be discussed.  
7.2 Gender Difference in Collaborative Problem-Solving 
 
Collaborative learning is hinged on the idea that the learners possess different 
unshared prior knowledge (Weinberger, Stegmann & Fischer, 2007). In order to accomplish a 
learning task collaboratively, students have to experience a process going from unshared to 
shared knowledge (Pfister, 2005). As for dyadic collaboration, each dyad can be viewed as a 
unit with its own properties, but comprising two relatively independent cognitive units. Each 
independent unit varies in the degree of contribution to the final result during the collaboration. 
Collaboration carries risks and these risks are essentially high when gender, computer and 
task are entangled. Our previous study (Ding & Harskamp, 2006) has shown that, in 
collaborative problem-solving in physics, female students’ learning is sensitive to their partner 
gender while it is not the case for male students. Females in the mixed-gender dyads perform 
worse than females in the female-female dyads. Within the mixed-gender dyads, males 
outperform their female partners on the problem-solving tests. The previous literature offers 
some possible explanations. Gender is one of the important reasons influencing learners’ 
participation and cognitive knowledge elaboration in collaborative learning. 
First of all, female and male students have different communication styles. Markel 
(1998) asserts that females’ communication patterns are more focused on maintaining the 
group, while males’ patterns focus more on completing the task. Female students prefer 
cooperation to competition (Johnson & Johnson, 1989; Tobias, 1990; Kahle & Meece, 1994). 
Females are more likely to hedge, qualify and justify their assertions (Fahy, 2003; Smith, 
McLaughlin, & Osborne, 1997) while males tend to assert opinions strongly as facts (Blum, 
1999; Fahy, 2002; Herring, 1993 & 1999). Cross and Madson (1997) state that females tend 
to be more oriented towards interdependence than are males. When female students solve 
the problems with a male partner, they tend to ask questions or paraphrase problem 
information. Their male partners are more likely to provide help and offer suggestions. 
However, females in the single-gender dyads are not so submissive. They put forward their 
ideas and develop problem solving strategies actively. This roughly may be in line with the 
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studies on single-gender classes claiming that females in single-gender physics classes are 
more confident, have higher interest levels and can achieve better than females in mixed-
gender classes (Haussler & Hoffmann, 2002). The collaboration between female students 
seems to be better balanced than that in mixed-gender dyads. The gender difference in 
communication style can potentially affect how female and male students exchange 
messages (Jeong, 2004). 
Secondly, we noticed a gender difference in the ways of representing knowledge 
during problem solving (Ding, 2008a). Physical concepts are not purely abstract 
understandings of representations as a means for understanding. Numerous physics 
educators have stressed the importance of students developing an ability to recognize, 
manipulate and translate concepts from representation of concepts (Meltzer, 2005), mainly 
through verbal (text-based) and visual (pictorial) representations. Some research suggests 
that females perform better than males on verbal abilities tests, while males outperform 
females on tests of visual-spatial ability (Kellogg, 1995). Females preferred information to be 
presented in a single mode although they can use all of the sensory modes in learning 
(Wehrwein, Lujan & DiCarlo, 2007). There is a gender difference in the way that students 
process knowledge while solving a physics problem. Female students prefer using verbal 
representations to convey problem information while males are more adept at visualizing the 
problem components and the problem solving strategies. Females score slightly higher on 
verbal ability and males have a slightly larger standard deviation on general and specific 
ability scores. Then, when a female student is collaborating with a male student on a physics 
problem, it may be problematic for both of them to elaborate knowledge and work out a 
solution because they tend to use different ways to represent problem information.  
In comparison with single-gender collaboration, the interaction in mixed-gender 
groups is an awkward experience (Howe, Tolmie, Anderson & Mackenzie, 1992; Howe & 
Tolmie, 1999). In Underwood, Underwood and Wood’s studies, the authors used Bales’ 
coding system to look into the turn-taking of use of computers in the mixed-gender dyads. It 
has shown that the lower levels of verbal interaction and slightly poorer performance than 
single-gender dyads. Underwood et al pointed out that female and male students in the 
mixed-gender dyads did not engage in true collaboration because they were not jointly 
focused on the problem. According to Teasley and Rochelle (1993), collaboration should be a 
coordinated and synchronous activity resulting from a share of knowledge and a joint 
construction.  
7.3 Knowledge Elaboration in CSCL 
Koschmann et al (2005) point out that in computer-supported collaborative learning, 
knowledge and meaning can be understood as jointly created through interaction which is 
mediated through computers. As for how computers function as mediating resources in 
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learning, Hmelo-Silver (2003) claims that the prerequisite to delve into collaborative learning 
is to make sense of students’ conversation and the tools mediating their roles. Suthers (2006) 
distinguished two roles technology plays in CSCL: communication medium and constraint. 
Some studies have reported that ICT has a more positive effect on males in extending their 
interest span (Passey, Rogers, Machell, McHugh and Allaway, 2003), but other studies 
cannot find a significant difference between males’ performance and females’ (Joiner, Messer, 
Littleton and Light, 1996; Underwood & Underwood, 1994). It seems that the positive attitude 
of males towards computer cannot be translated into an advantage with learning over 
females (Harrison et al, 2002).  
Prinsen, Volman and Terwel (2007) reviewed thirteen studies on gender problem in 
Computer-Mediated Communication (CMC) and CSCL. They focused on three aspects: 
degree of participation, kind of participation, and experience of participation. The review study 
uncovered a male dominance in CMC. The group gender composition is also found to have 
an important effect on students’ learning achievement. Yet, simply looking into students’ 
participation degree cannot give us a clear picture about how students process the 
knowledge cognitively and benefit from collaborative learning. In CSCL, some properties of 
computer-mediated synchronous communication may play an important role in students’ 
knowledge elaboration while collaborating. 
The text-based Computer-Mediated Communication (CMC) dominantly applied in 
CSCL practices is assumed to alleviate the gender gap due to the reduced contextual cues. 
Students’ interactions are preserved in a shared context, which seems to be privileged to 
deepen students’ thinking and facilitate a high level elaboration. Due to the explicit back-
references, CSCL affords the opportunity to trigger more thoughtful and reflective discussions. 
Warschatter (1997) has proposed three factors of CSCL contributing to close the gender gap. 
1) the reduced contextual clues masking the gender characteristics; 2) the reduced nonverbal 
cues such as frowning that can intimidate partners; 3) the opportunities of self-regulating 
learning. However, this is still a controversial claim, especially in a synchronous CSCL setting. 
On the one hand, the reduced shared context is expected to have reduced utility (Suthers, 
2006). The shared context represents the multiple facets that facilitate the negotiation of 
interpersonal questions. Moreover, due to the ease of typing and exchanging messages, 
synchronous CSCL may generate numerous fragmented and incoherent interactions. 
Students’ explanations appear very often in simple forms (Ding, 2008c). On the other hand, 
as aforementioned, female and male students have different communication styles and ways 
of representing knowledge. The pressure to respond in live-talk may also hinder female 
students to develop own problem solving strategy. The breakdown in interaction may 
exacerbate the potential problem in mixed-gender collaboration.  
Therefore, the idea that CSCL can alleviate the gender gap is still worth probing. 
Besides the gender difference in communication styles and representation manner, there is a 
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need to explore whether there is a difference between mixed-gender and single-gender 
dyads with regard to the knowledge elaboration process, and whether students’ learning 
achievement is affected by it.  
Insight into learners’ interactions is an important step to unravel the dynamical nature 
of individuals’ knowledge elaboration (Arvaja; Hakkinnen, & Jarvela, 2007; Brown & Palinscar, 
1989). Doing so is based on the rationale that students’ discourse data represent their 
cognitive processes of learning to a certain degree (Chi, 1997). However, there is no 
consensus regarding how to code students’ interactions in an appropriate way (Hmelo-Silver 
& Brommer, 2007). Some researchers focus on the cognitive quality of students’ interactions 
(e.g. Gudzial & Turns, 2000) because representing information and high level cognitive 
processing of information are closely intertwined in science problem-solving (Kozma & 
Russel, 1997; Toth, Suthers & Lesgold, 2002). Making inferences to students’ external 
representations during problem solving can deepen our understanding of students’ cognitive 
elaborations (DeWindt-King & Goldin, 2003).  
Kumpulainen and Mutanen’s (1999) differentiate three dimensions of peer-group 
interaction by focusing on the nature of cognitive processing: off-task activity, procedural 
processing, and interpretative or exploratory processing. The off-task activity refers to those 
social talks that are irrelevant to the collaborative task. Procedural processing refers to the 
routine execution of task without improving the ideas. Students engage in problem solving 
task, but they may merely stay at a superficial level of knowledge processing. Interpretative 
or exploratory processing refers to students’ deep engagement in problem solving activity, 
which is characterized by critical thinking and a systematic analysis of problem information. 
Based on that, Ding (2008c) endowed each message with an elaboration value: -1, 0 or +1. 
Then, the sums of the elaboration values for each individual learner were plotted along the 
timeline respectively. Such kind of visualization has revealed, at least, three patterns of 
knowledge elaboration. The divergent pattern (on the left in Figure 7.1) featured by two 
diverging curves shows an increasing cognitive discrepancy between two participants. The 
cross pattern (in the middle in Figure 7.1) illustrates that students’ knowledge elaboration 
processes are closely intertwined. The participants keep a close eye on their partner’s 
processing and take turns dominating the knowledge elaboration. The parallel pattern (on the 
right in Figure 7.1) shows two roughly parallel curves, indicating that the cognitive gap 








divergent pattern cross pattern parallel pattern 
 
Figure 7.1 Knowledge Elaboration Patterns (Ding, 2008c) 
In collaborative problem solving, a dyad can be viewed as a unit made up of two 
interdependent cognitive units (Dillenbourg, Baker, Blaye & O’Malley, 1995). With the help of 
the patterns, we are able to trace the knowledge elaboration process of the interdependent 
units, and explore the gender difference in CSCL.  
 
7.4 Research Questions: 
The research questions of the study were: in CSCL, 
 is there a difference in knowledge elaboration process between mixed- and single-
gender dyads? 
Hypothesis: Due to the properties of computer-mediated synchronous communication, it 
is hypothesized that students’ knowledge elaboration process may be different in mixed- 
and single-gender dyads. 
 is there a gender difference in learning achievement? 
Hypothesis: CSCL is hypothesized to entail the influence on female students because not 
all properties of CSCL follow directly from the computer technology. Female students’ 
learning achievement may be sensitive to their partner gender, but this may not be the 
case for the male students.  
 is there an interaction effect of group gender and knowledge elaboration on students’ 
learning achievement? 
Hypothesis: Students’ knowledge elaboration process is assumed to correlate with their 
learning performances. We hypothesize that the patterns can, to some extent, explain the 
differences in students’ learning achievement of male and female students in differently 
composed dyads.  
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7.5 Materials and Methods 
7.5.1 Participants 
The study was conducted in a secondary school in Shanghai, China. The school is 
one of the top ten schools in Shanghai. Ninety-six students, aged 16 from two classes of 
grade ten, participated in the two-week experiment. There were 49 females and 47 males. 
Students come from families with various social backgrounds. During the experiment, 
students were randomly paired within the class. The purpose of random pairing was to 
minimize the chance of the dyad with an expert and a novice student. There were three 
groups: a group of mixed-gender dyads (MG, n=25), a group of female-female dyads (FF, 
n=12), and a group of male-male dyads (MM, n=11). Students were categorized into four 
conditions: females in mixed-gender dyads (F in MG, n=25), males in mixed-gender dyads (M 
in MG, n=25), females in female-female dyads (F in FF, n=24), and males in male-male 
dyads (M in MM, n=22).  
 
7.5.2 Procedure  
Participants came from two parallel classes taught by the same teacher. In students’ 
previous physics tests, there was no significant difference between the two classes. All 
participants followed three regular physics lessons concerning Newton’s second law taught 
by the same physics teacher. Students were administered a 40-minute pretest concerning 
Newton’s second law. After that, they were given a 40-minute preflight training about how to 
use the online program “Physhint”. The experiment lasted two weeks, including six 40-minute 
experiment sessions. Students were asked to solve six problems. For each dyad, the 
participants were separated and distributed to different classroom to avoid face-to-face 
interaction (Figure 7.2). The whole experiment sessions were overseen by the local teacher 
and the research assistant. Students were exposed to the same number of experimental 
hours and the same instructional materials.  
 
  
Figure 7.2 Experiment Session 
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On the last day, all students participated in a 40-minute posttest. It had also four 
moderately-structured problems, similar to the pretest. In both pre and posttests, students 
were required to solve the problem independently. Both pre- and posttest were paper-pencil 
test. In each test, students were required to solve three problems independently, without any 
help from peers. Problems used in pre and posttests and the experiment sessions were all 
about Newton’s second law. They were selected from the database with the similar degree of 
difficulty. Students’ pre and post test performances were scored by the local physics teacher. 
The full mark of both pre and posttests was 100. Each episode to solve the problem was 
granted with five points.  
 
7.5.3 PhysHint 
The computer program “PhysHint” was compiled with SQL to facilitate a synchronous 
online collaboration. It aims at improving students’ skills of solving moderately structured 
physics problems. Technically, it can afford 100 dyads to work on the problems at the same 
time. There are five sections in the PhysHint interface, as shown in Figure 7.3. 
 
 
Figure 7.3 Interface of PhysHint 
 
The problem section shows the problem information. The problem could not been 
read until both partners logged into the system. Doing this prevented one student from having 
more time to read and think about the problem than his/her partner (see the sample of the 
problem in Table 7.1). In this experiment, six physics problems in the database were used. 
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I am going to push a box (20kg) lying on the slope to move upwards with acceleration 
0.8m/s2.  I was told that the friction coefficient between the box and the slope is 0.05, and the 
angle between the slope and the ground is 30o. If I am going to apply a force in the horizontal 
direction, what’s the magnitude of it? (answer with two decimals is preferred) 
 
Table 7.1 Sample problem in the PhysHint program 
 
The hints section offered each student five “hints” for each problem. All the hints 
were compiled on the basis of Schoenfeld’s (1992) five episodes of problem solving: reading 
the problem, recalling prior knowledge, making a plan, implementing the plan, reflecting on 
the answers. To strengthen students’ communication we gave different students within the 
same dyad different hints so that they had to engage in exchanges about what they read (see 
the sample of hints in Table 7.2). 
 
Table 7.2 Sample of Hints 
Student A: Student B: 
Hint 1: 
How many forces are applied on the 
box? 
Hint 1: 
Except its own gravity, is there any 
other forces applied on the box? 
Hint 2:  
How to visualize these forces? 
Hint 2: 
What is the Newton’s Second Law? 
Hint 3: 
The forces can be analyzed in two 
directions.  
Hint 3: 
What are the directions of these 
forces? 
Hint 4: 
How to combine the calculations on 
both directions? 
Hint 4: 
The final solution is based on the 
calculation on both directions 
Hint 5: 
Do you think that this is the best way 
to solve this problem? 
Hint 5:  
Have you got a better solution? 
 
In the drawing section, students were able to draw the variables and vectors using 
geometric forms, arrows and lines. They could also illustrate the objects with different colors. 
What one student drew would be automatically shown on his/her partner’s computer. The 
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chatting section resembled the MSN Messenger or Yahoo Messenger that students were 
familiar with. In the texts shown we used different colors (black and blue) to distinguish 
between the two students in the same dyad. After the students arrived at the answer, they 
submitted this answer using the answer section. The final submission of the answer was 
based on mutual agreement of the dyad. For each problem each dyad had two chances to 
submit an answer. The second time they failed to give a correct answer, a pop-up window 
with a “worked-out example” (Figure 7.4) was generated. 
 
 
Figure 7.4 Sample of Worked-Out Example 
 
7.5.4 Data Collection and Analyses 
Students’ online messages were collected and analyzed through the “elaboration 
values” (Ding, 2008c). Table 7.3 shows the detailed coding system.  
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Table 7.3 Elaboration Values 
Number Description Example 
+1 on-task message elaborating on 
knowledge or contributing to the 
final solution.  
Student A: How many forces applied on the 
box? 
Student B: I think, four 
0 on-task message but no 
improvement of knowledge 
elaboration or problem solving 
(Student B: There are four forces applied 
on the box.) 
Student A: OK. 
-1 off-task messages distracting the 
problem solving process 
Student B: Guess, what will be in our next 
English test? 
 
According to its content and contextual relation, we quantified each message using 
the value -1, 0 and +1. If the message was off-task and distracted the students’ attention 
while problem solving, it was given minus one (-1). If it was a task-related message but did 
not improve the solving process, it was given zero (0). The rote performance or symbol 
manipulation affected the learning and the application of physics knowledge to little avail. The 
presence of a lot of messages of 0-valued messages indicated that the students 
communicated sufficiently, but they stopped at a surface level. This serves to distinguish 
between the superficial and the elaborative talk in collaboration. When a message was 
pertinent to the task and was contributive to the final success in problem solving, it was 
endowed with a one (+1). It has been shown that discourse beyond a concrete level of the 
problem space may foster the individual acquisition of knowledge in learning scenarios based 
on complex problems (Hogan, Nastasi, & Pressley, 2000).  
There are two points that should be pointed out. Firstly, we acknowledged the 
importance of elaborative questions. Our previous finding indicated that female and male 
students had different communication styles. In collaborative problem solving, female 
students tended to use question to start the discussion or express own ideas. An elaborative 
question not only kept the collaboration on the right track, but it fostered the partner’s 
knowledge elaboration. Therefore, not only interpretative or exploratory processing would be 
endowed +1 point, but also the elaborative question. Secondly, our study focused on a 
computer-mediated synchronous learning environment with dearth of shared social context. 
CSCL is characterized by a large amount of in-coherences in interactions, sometimes even 
“messy” talks. So, when we evaluated each individual message, we did not merely relate it to 
the previous one message, but to the whole context.  
After quantifying each message, we aggregated the values of each participant within 
the dyads, and plotted the sums according to the time sequence respectively. Then, we came 
to the elaboration patterns.  
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7.6 Results 
7.6.1 Implementation of the Study 
Due to the strict school rules, nobody dropped out during the experiment. For all the 
students in the experiment, there was no significant gender difference in their previous 
physics tests. Yet, the local teacher reflected a phenomenon. Although the female students 
did not significantly lag behind males on physics tests in grade 10 and 11, there was an 
obvious tendency for males to choose physics as their major when they entered the grade 12. 
During the experiment sessions, we also noticed that the female students were much quieter 
than males. Almost all of them, as required, brought their calculators and own draft sheets. 
On the contrary, half of the male students forgot to bring these with them. 
In condition MG, female and male students were randomly paired to solve the 
problems in a CSCL setting. It is interesting to find that when the female students knew that 
they were paired with a male student, two female students raised their hands and asked for 
the possibility of working with a female student. But this didn’t happen to the female-female 
and male-male dyads.  
The study was based on a quantitative analysis of students’ learning achievement and a 
content analysis of students’ online interaction. In the experiment, all online interactions were 
documented automatically by the server computer. These included their visual and verbal 
messages. During the six experiment sessions, students have produced 45862 online 
messages with 27,571 (60.35%) task-related interactions. For these on-task messages, 474 
were visual representations. Table 7.4 shows the numbers and standard deviations of all 
messages, on-task and off-task messages, and visual representations for all six problems per 
student. For instance, throughout the entire six experiment sessions, each female student in 
the mixed-gender dyads (F in MG) has on average generated around 434 messages. Among 
these 434 messages, about 231 were on-task messages and 203 were off-task messages. 
But for all six problems, each female student in MG group only produced about three visual 
representations on average. There was a significant difference in visual representations 
between female and male students (F(3,92) =18.47, p=.00). Male students generated 
significantly more visual representations during problem solving than the female students. 
This echoes our previous findings about a gender difference in ways of representing 
knowledge in physics problem-solving. For other categories, there was no significant 
difference found.  
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Table 7.4 Mean numbers and standard deviations of messages per person for all six 
problems 







Female in mixed-gender 
dyads (n=25) 
433,76(113,03) 231,04(69,97) 3,04(1,67) 202,72(100,1
4) 
Male in mixed-gender 
dyads (n=25) 
479,20(118,14) 293,88(86,27) 4,68(1,70) 185,32(117,3
5) 
Female in female-female 
dyads (n=24) 
494,46(116,41) 327,25(98,91) 5,00(1,96) 167,21(80,95
) 
Male in male-male 
dyads (n=22) 
507,77(139,46) 299,73(114,18) 7,32(2,12) 208,05(104,5
1) 
     
Total (n=96) 477,73(122,97) 287,20(98,24) 4,94(2,38) 190,53(101,3
3) 
 
7.6.2 Knowledge Elaboration 
In order to get to the process quality of CSCL the process of mean-making has to be 
unravelled. But analyzing students’ interaction content is one of the challenges in CSCL 
research (Lipponen, Rahikainen, Lallimo & Hakkarainen, 2003) because CSCL is featured by 
its dynamically evolving context of interaction (Hmelo-Silver & Brommer, 2007). 
Five Chinese sophomores majoring mechanics engineering were trained as 
independent coders. They were very knowledgeable about Newtonian mechanics. They were 
instructed about how to value each message from a knowledge elaboration perspective, how 
to avoid treating each message as an isolated meaning, and how to code through the 
“Elaboration Value” system. After quantifying each message, they went on visualizing the 
knowledge elaboration process for each individual student by plotting the sums of 
“elaboration values” sequentially. We selected the data of all six problems. Due to the huge 
amount of data, each coder spent more than 20 hours on coding. The interrater reliability 
calculated by a Pearson product-moment correlation is 0.74.  
Table 7.5 shows the total number of knowledge elaboration patterns of each group 
(MG, FF, MM) for all six problems. For instance, for all the six problems, the whole mixed-
gender group has produced 31 cross patterns, 37 parallel and 78 divergent patterns. The 
proportion of the divergent patterns was 52%. It indicates that for half of the problem-solving 
activities, students in the mixed-gender dyads were involved in divergent patterns. Table 7.5 
shows the number of different patterns for the three types of dyads. When defining students’ 
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individual elaboration patterns, we focused on the majority of the problem solving time, and 
on the major feature that characterized the dyad. For instance, whether the curves became 
entangled with each other or remained parallel in a divergent pattern, we named this simply a 
divergent pattern because the dominant feature was two curves diverging from each other. 
Apart from the aforementioned patterns, there were some patterns that the coders found 
difficult to categorize. For example, half of the time the curves got crossed while for the rest 
of the time they stayed parallel. Such patterns were called “ambiguous patterns”. 
For the cross patterns, the difference between the single- and mixed-gender groups 
was not significant, F(2,95)=1.85, p>.05. Neither was the difference of parallel patterns 
significant, F(2,95)=2.23, p>.05. But for the divergent patterns, the group of mixed-gender 
dyads has generated significantly more divergent patterns than the other two groups, 
F(2,95)=3.40, p<.05.  
 
Table 7.5 Sum of students’ knowledge elaboration patterns for all six problems 







mixed-gender dyads  
(dyad n=25) 




21 (29,17%) 29 (40,28%) 19 (26,39%) 3 (4,17%) 72 
Male-male dyads 
(dyad n=11) 
15 (22,72%) 27 (40,90%) 19 (28,79%) 5 (7,58%) 66 
 
7.6.3 Learning Performance and Knowledge Elaborations 
Our previous studies that were conducted in a computer-alike learning environment 
suggested that female students in single-gender dyads outperformed females in mixed-
gender dyads, but this was not the case for male students. In order to answer the research 
question, whether this problem carries over into CSCL, we analyzed students’ pre- and post-
test performances. The ANOVA test with “pre-test” as the dependent variable, “group” and 
“gender” as the independent factors shows there was a significant difference between male 
and females students in pre-test scores (F(1,92)=5.49, p=.01), but no for the group composition 
(F(1,92)=.01, p=.91) nor for the interaction between gender and group composition, 
(F(1,92)=2.03, p=.16). Neither was there a significant difference between females in MG and 
FF conditions (F(1, 47) =1.00, p>.05), nor was there a significant difference between females 
and males in the MG condition (F(1, 45) =1.03, p>.05).  
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In analyzing the posttest scores as the dependent variable, multilevel analyses were 
performed. By doing so, we acknowledge the fact that the students within a dyad share 
something in common (the observations are dependent rather than independent). Moreover, 
we can carefully assess the effect of dyad properties (especially their gender composition) 
next to individual student characteristics, and at the same time do justice to the fact that the 
number of dyads involved is only half of the number of students involved - which has 
implications for the correct estimation of standard errors. And finally cross-level interaction 
effects (between dyad characteristics and student characteristics) can be explored this way 
(Snijders & Bosker, 1999; De Wever, van Keer, Shellens, & Valcke, 2007).  
Before discussing the multilevel analyses, it is necessary to give a brief review of the 
data. There were 96 students. They were randomly paired to form 48 dyads. Each dyad 
belonged to one of the three groups: mixed-gender (MG, n=25), female-female (FF, n=12) 
and male-male dyads (MM, n=11). A two level model with individual student at level 1 and the 
dyad at level 2 was constructed. The dependent variable was the students’ posttest scores, 
with gender (level 1) hierarchically nested within the group gender composition (level 2) and 
elaboration patterns (level 2). Table 7.7 presents the results of the multilevel analyses with 
estimation for individual posttest scores. 
We first established an empty model without any independent variables (Snijders & 
Bosker, 1999). The intraclass correlation is 127.92/(127.90+66.88), or 0.66, which means that 
66% of the total variance in students’ posttest scores is accounted for by the dyadic level. 
Because there was no significant difference between the two types of dyads at the pretest, 
we did not include the pretest as a covariate in the analyses.  
Then, we added explanatory variables to the model step by step. In Model 1 and 2, 
the coefficients were students’ gender and group gender were introduced as predictors, 
respectively. Model 1, the males were the reference group, and in Model 2 the single-gender 
dyads were the reference group. The reduction of deviance suggested that very little of the 
differences between students was explained by their gender (χ2(1)=.04, p>.05) or group 
(χ2(1)=.15, p>.05). In short, there are no significant gender and group-composition effects. 
Female students achieved as well as the male students on the posttest. Students in the 
mixed-gender dyads performed almost the same as those in the single-gender dyads.  
Then, we focused on the combination of gender and group, by introducing the 
interaction effect of group composition*gender (because of the coding of the variables this 
boils down to females in mixed gender groups versus all others). Inclusion of this interaction 
term now leads to two effects being significant (gender, and the interaction between gender 
and group composition), and this model fits the data better than the previous models 
(χ2(1)=5.65, p=.02). Female and male students’ learning achievement seems to be sensitive 
to their partner gender: female students perform best in single-gender dyads, male students 
perform worse in single-gender dyads, and female and male students perform equally well in 
 129
 130
mixed-gender dyads. In order to explore what might be the cause of this, we looked into 
students’ interaction content, more specifically how this varies across the various conditions.  
  
 Table 7.7: Summary of the model estimates for the two-level analyses of students’ post-test scores.  
 Model  
Parameter 
0 1 2 3 4 5 6 7 
Fixed 
Intercept 72.65 (1.83) 72.41 (2.12) 73.132 (2.86) 84.97 (2.80) 84.99 (2.80) 88.13 (3.13) 81.59 (3.77) 88.36 (4.37) 
Gender  0.46 (2.13) 0.456 (2.12) 11.69 (5.02)* 10.81 (2.93)* 4.91 (4.17) 5.14 (3.99) -6.56 (5.74) 
Groups   -1.380 (3.70) 5.57 (4.50) 10.37 (2.83)* 11.22 (2.75)* 22.02 (4.50)* 11.80 (5.73)* 
Female in MG vs. others    -13.41 (5.52)* -12.53 (3.72)* -14.31 (3.75)* -14.67 (3.60)* 3.93 (7.76) 
Divergent     -7.21 (0.75)* -8.50 (0.98)* -5.83 (1.34)* -8.59 (1.63)* 
Gender * Divergent      2.46 (1.30) 2.50 (1.27) 7.37 (2.17)* 
Groups * Divergent       -4.03 (1.39)* -0.16 (1.95) 
Female * Groups * Divergent        -7.08 (2.64)* 
Variance 
 Group Level 127.90 (33.63) 126,39 (33.38) 125.93 (33.28) 111.47(30.26) 16.16 (12.10) 9.64 (11.43) 2.89 (10.39) 0.82 (9.65) 
 Individual Level 66.88 (13.65) 67.34 (13.75) 67.34 (13.75) 66.11(13.49) 66.10 (13.49) 68.93 (14.07) 69.04 (14.09) 66.05 (13.48) 
 
Deviance  (-2 Logliklihood) 751.45 751.41 751.26 745.61 693.90 690.65 682.83 675.897 
 Decrease in Deviance  0.04 0.15 5.65* 51.71* 3.25 7.83* 6.93* 
* p< .05 
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7.6.4 Interaction between Knowledge Elaboration Pattern and Gender  
We constructed Model 4, adding the number of divergent patterns as the predictor, to 
examine whether the relatively low performance of females in the mixed-gender dyads was 
related with different knowledge elaboration patterns. The reduction of deviance was highly 
significant (χ2(1)=51.71, p<.05), and moreover the number of divergent patterns uniquely 
accounted for 58% of the total variance in posttest scores, and for 86% of the between dyads 
differences in posttest scores. This indicates that those who engaged in one more divergent 
pattern scored 7.21 lower. The effect of the number of divergent patterns was significant (t=-
9.61, p<.05). But the effects of the number of cross as well as parallel patterns were not 
significant.  
As aforementioned, there were significantly more divergent patterns in the mixed-
gender dyads than in the single-gender dyads. But the analyses of the individual learning 
performance and counting the frequency of the patterns alone seemed inadequate to 
explicate why females were at a relative disadvantage in mixed-gender dyads. Therefore, 
with a consideration of the hierarchical structure of the data, we continued with the multilevel 
analyses to answer the third research question.  
Therefore, we explored the interaction effect of gender and the number of divergent 
patterns (Model 5), and of group gender and the number of divergent patterns (Model 6). The 
reduction of deviance of Model 5 was not significant (χ2(1)=3.25, p>.05). Yet, Model 6 
showed a significant interaction effect of the group gender and the number of divergent 
patterns on students’ posttest performance (χ2(1)=7.83, p<.05). In mixed-gender dyads, the 
more divergent patterns, the lower students scored on the posttest.  
As for the question, whether the divergent patterns could explain the females’ relative 
disadvantage in mixed-gender dyads, we constructed Model 7. In this model, we looked into 
the interaction effect of students’ gender, group gender and the number of divergent patterns. 
The results showed a significant reduction of deviance in comparison with Model 6 
(χ2(1)=6.93, p<.05). For females in the mixed-gender dyads, the involvement in one more 
divergent pattern resulted in that they scored 7.08 lower on the posttest. To put it another 
way, the more divergent patterns in the mixed-gender dyads, the lower female students in 
this condition scored on the posttest.  
Table 7.8 shows the results of the multilevel analysis in a different way, by predicting 
posttest scores for 12 types of students using the multilevel model parameters. The most 
salient finding is that the posttest scores of female students in single gender dyads - unlike 
the other combinations - are not moderated by the number of divergent patterns. In all other 
cases learning achievement is negatively related to the number of divergent patterns.  
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Table 7.8 Results of multilevel analysis for students’ learning achievement 
Divergent Patterns Gender Group Composition 
Low (-1 SD) Average  High (+1 SD)
Mixed-gender dyads 86 74 62 Female 
Single-gender dyads 80 78 77 
Mixed-gender dyads 88 76 64 Male 
Single-gender dyads 77 65 52 
 
In order to find out what happened in mixed-gender dyads, we chose an extract of a 
mixed-gender dyad’s CSCL script. It was based on the third problem that was shown in Table 
7.1. Table 7.9 describes the knowledge elaboration process of the mixed-gender dyad. It was 
translated from Chinese into English. As previously mentioned, all messages were coded as, 
-1, 0 or +1. The right column of Table 7.9 lists the elaboration values. Then we plotted the 
sums of these values for each individual along the timeline. Doing so helped us to visualize 
the elaboration process of individual students within one dyad (Figure 5). We found two 
divergent curves representing the female and the male student respectively. 
 
Table 7.9. Extract of a mixed-gender dyad’s CSCL script 
Line Time Gender Transcripts Elaboration Values Sum of 
Elaboration 
Values 
1 05:32 Female How many forces? 1 1 
2 05:56 Male wait 0 0 
3 06:04 Female I feel tired -1 0 
4 06:12 Female & u? -1 -1 
5 07:03 Male three 1 1 
6 07:06 Male forces 0 1 
7 07:23 Female gravity, pushing, friction? 1 0 
8 07:58 Male yep 0 1 
9 08:46 Female r u sure? 0 0 
10 09:03 Male wait, draw 4 u 0 1 
11 09:05 Female ok 0 0 
12 10:12 Male  
 
1 2 
13 10:15 Female en 0 0 
14 10:27 Male then, construct a coordinate 1 3 
15 10:35 Female en 0 0 
16 10:46 Female but, on which direction? 0 0 
17 10:52 Male like this 0 3 
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18 11:26 Male  
 
1 4 
19 11:53 Male G=196 1 5 
20 11:55 Female ? 0 0 
21 12:01 Male  
 
1 6 
22 12:06 Female ok 0 0 
23 12:09 Male then, go to Force_push 1 7 
24 12:16 Female Wait wait 0 0 
25 12:32 Male ? 0 7 
26 12:59 Female Is it complete? I think… 1 1 
27 13:25 Female 
 
1 2 
28 14:18 Male O, yeah. the bouncing force 0 7 
29 14:26 Male X-axis  1 8 
30 14:39 Male F*Cos30-196*Sin30-umgCos30  1 9 
31 15:07 Male Y axis -> G*Cos30+F_push*Sin30 0 9 
32 16:11 Female !! 2 fast  0 2 
33 17:25 Male answer=136.48 0 9 
34 17:36 Female sure? 0 2 
35 18:04 Male  
 
1 10 






Figure 7.5 Divergent Pattern of Knowledge Elaboration in CSCL 
 
In the pretest, the female had the same score as the male with 78, suggesting that 
there was no significant difference of physics knowledge between them at the outset. This 
dyad spent around 27 minutes on problem solving. They submitted their answers twice. The 
second time they succeeded. From the extract, we found a certain amount of “teen lingo”, the 
expressions frequently used by teenagers in online interaction. For example, “u” represents 
“you’ (L.4), “4 u” is “for you” (L.10), “r u sure” is “Are you sure?” (L.9), and “2 fast” means “too 
fast” (L.32).  
The interactions between the two students reflected a high proportion of on-task talk. 
But there was a noticeable imbalance of visual and verbal representations between students. 
The male student presented three visual representations (Line 12, 18, 21, 35) to illustrate the 
problem information while the female student only added two axes on the work of the male 
(Line 27). Taking a close look at their interaction, we found a dominance of the male student 
in the discourse and hitchhiking behavior of the female student.  
At the beginning, the female student seemed to be actively engage in problem 
solving. She raised the question relevant to the solution (Line 1). The dramatic change 
occurred at 14”26 when the male student proposed to use axes for analysis (Line 29) and 
calculated it rashly (line 30, 31).  The female tried to catch up with the male by complaining 
that her partner moved too fast (Line 32). However, this was ignored by the male student. He 
continued with his calculation and reached the answer soon (Line 33). It seemed that the 
female student was not clear how the male student got to the answer. Instead of asking for a 
direct explanation, she asked whether he was sure about the solution (Line 34). The male 
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student gave a detailed visual representation delineating the solution clearly, but no verbal 
explanation (Line 35). Then, he filled in the answer into the answer box and sent it to her. 
With her permission, this (Line 36) was soon sent to the server computer for check.   
If we focused on the quantity of students’ online participation, we may say that the 
interaction between them was well balanced. But if we look into the process of knowledge 
elaboration, we notice a cognitive discrepancy between the students.  
A “close-up” view of students’ knowledge elaboration process uncovered several 
possible factors that resulted in the discrepancy of knowledge elaboration of the mixed-
gender dyad. Firstly, responding to the female’s question, the male student gave a detailed 
visual representation delineating the solution clearly (L.12, 18, 21, 35), rather than verbal 
explanation. In our previous study (Ding, 2008a), we found that female students preferred 
using verbal-based messages to represent knowledge in physics problem solving. The 
different ways of knowledge representation may impede the female’s knowledge elaboration.  
Secondly, due to the CSCL properties, both students’ messages tended to be simple 
and incoherent. This caused problems for the female student to understand the male 
student’s explanations (L.9, 20). In addition, lack of shared contextual factors, students 
worked on the problem in different tempo. When the female student was still stuck on the 
force analysis, the male student had already gone on with calculation (L.19, 28-31).  
Thirdly, when the male student ignored his female partner’s question, the female 
complained that her partner moved too fast (L.32). However, this complaint was ignored. The 
male student went on with his calculation and reached the answer soon. At this moment, the 
female student also gave up her question. After the male student sent his first solution to the 
female student for agreement, the female student had not proposed any opposition, but 
accepted it. The male student’s no-explanation and the female student’s giving up asking led 
to an increasingly larger gap between them. Therefore, although at the outset the female 
student was eager to get involved into the problem solving, the male student dominated the 
discourse and excluded the female student in problem solving by being ignorant of her 
complaint and question. Gradually the female student withdrew from the discussion. 
 
7.7 Conclusion and Discussion 
The aim of the study is two-fold. First, it focuses on the gender difference in learning 
performance and explores whether the single- and mixed-gender dyads present different 
pictures of knowledge elaboration in CSCL. Second, it investigates whether students’ gender, 
group gender, and knowledge elaboration process have an effect on students’ learning 
achievement. The study was conducted in a synchronous CSCL setting that was designed to 
facilitate physics problem solving.  
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For the first research question, whether female and male students’ learning 
performance is sensitive to their partner gender, our study showed that, within the mixed-
gender dyads, males outscored female students, although this effect was not significant. 
Females in the single-gender dyads outperformed females in the mixed-gender dyads 
significantly. But this was not the case for male students. This result indicates that the female 
students’ learning performance was sensitive to their partner gender and the gender 
problems that we are familiar with in the face-to-face collaborative learning appear to carry 
over into the CSCL setting.   
The second research question centered on the knowledge elaboration process that 
could be visualized with the help of “elaboration values”. Based on the rationale that 
individual contributions as data points are interdependent and can be interpreted additively, 
we plotted the sums of the values along the timeline and got the patterns: divergent, cross 
and parallel. A small number of patterns were defined as “ambiguous”. Our study found a 
proportionally much higher frequency of divergent patterns than cross or parallel patterns in 
the mixed-gender dyads than what was found in the female-female and male-male dyads.  
With respect to the question, whether females’ relatively poorer performance in the 
mixed-gender dyads was correlated with the knowledge elaboration patterns, applying 
traditional ANCOVA and ANOVA test only would be inadequate. CSCL research should take 
the interdependency of individuals and their learning processes into consideration (Cress, 
2008). Individual students were nested in different dyads, and their learning was influenced 
by their partner. This dependency in this case is quite obvious, because the knowledge 
elaboration patterns were formed at the group level, based on a co-construction and 
elaboration of the knowledge. We thus resorted to multilevel analyses to answer the third 
research question. The multilevel analyses showed that, in the mixed-gender dyads, the 
frequency of divergent patterns may explain the relatively low performance of female 
students in the posttest. The more divergent patterns, the lower females in the mixed-gender 
dyads scored on the posttest. This finding potentially taps into an explanation why female 
students performed worse in mixed-gender dyads than in single-gender dyads. Underwood 
and Underwood (1999) have found that learning is at its best when the learners talk 
constructively together, introducing and elaborating knowledge mutually. But this style is 
more frequently found in single-gender collaboration, rather than in the mixed-gender one. 
Breedlove, Burkett and Winfied (2007) have stressed the positive correlation between 
students’ learning performance and some interactions such as helping the partner to 
understand. However, the characteristics of mixed-gender collaboration are individualistic, 
constrained and verbally controlled by the male students. Facing an interaction break-down, 
the mixed-gender dyad runs the risk that one member dominates while the partner gives up 
and withdraws. The high frequency of divergent elaboration patterns is indicative of the 
problem of mixed-gender collaboration. When we used the “elaboration values” to visualize 
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the process, we noted an increasing gap between the female and the male student. Zooming 
in on the episodes of their collaborative problem-solving, we found some likely causes such 
as different ways of knowledge representation and the male’s ignoring of female partner’s 
complaints and questions. As for the mediational role of the computer, we found the 
incoherent and fragmented interactions featured in CSCL impeded students’ knowledge 
elaboration process. Fitzpatrick and Hardman (2000) claimed that the role of the computer is 
more clearly seen in the mixed-gender dyads when the collaboration breaks down. In our 
study, when the female student was still stuck on the first part of the male’s message, the 
male student had already sent the next part to her and moved to the next episode of problem 
solving. This echoes Weisband’s (1992) claim that computer-mediated communication 
reduces conformity and convergence.  
There have also been studies that have found no support for difference in learning 
performance concerning group gender (Howe & Tolmie, 1999; Pheasey & Underwood, 1994). 
Fitzpatrick and Hardman (2000) have proposed several possible explanations for the differing 
results, for example, the task feature, the computer-based learning environment, and the way 
of the performance is assessed, etc. They further proposed “classroom interventions” to 
encourage effective collaboration for mixed-gender collaboration. For instance, the education 
practitioners may enhance students’ awareness of how they talk together and develop the 
problem solving strategy together. They may heed on female students’ confidence with 
computer-based learning and support their positive attitudes. In our study, during the 
experiment sessions, we have observed that the female students were more likely to use the 
hints and read them more carefully than the male students. But the majority of the hints used 
in the experiment were text-based. In order to achieve a better balance of knowledge 
elaboration and construction, we suggest providing the female students more visually-
designed hints. This may help the female students to understand the problem information 
better. Having the visual hints at hand may enhance females’ confidence in physics problem 
solving as well.  
Henderson and Dancy (2004) claim that the best evidence of problem solving skills 
(as well as an understanding of problem principles) is a student’s ability to solve novel 
problems in real life. Thus, a delayed post-test seems crucial when we are really interested in 
sustained problem-solving skills of the learners. In addition, for CSCL research, a broad 
research agenda is required to explore the mechanisms that result in divergent patterns, and 
a comparison between the mechanisms that result in cross or parallel patterns with those that 
result in divergent patterns may help us find a way out to reduce achievement gaps between 
students.  
We believe that the current study begins to fill in the evidence gap regarding gender 
and CSCL. It may lead to a better understanding of how collaborative learning works via 






Conclusions and Discussion 
 
8.1 Introduction 
Computer-Supported Collaborative Learning (CSCL) is a promising tool in science 
education and is increasingly applied in school practice. Yet, CSCL carries a risk, particularly 
when gender is involved. Prinsen, Volman and Terwel (2007) have conducted a review study 
and indicated that gender problems that we are familiar with in the face-to-face collaborative 
setting still remain in CSCL environments. We find ourselves left with many questions. For 
example, whether female and male students differ in knowledge elaboration in CSCL and 
whether this is related to their learning achievement. So far, experimental studies focusing on 
the effect of gender in CSCL are rare. In order to gain an insight into the gender issue in 
CSCL, a series of empirical studies have been conducted. These studies arise out of three 
research questions:  
• How do female and male students learn in a collaborative setting and do they both 
profit more from a collaborative setting than from an individual setting? 
• Are there gender differences in collaboration with respect to students’ 
communication style, cognitive representations and knowledge elaboration process? 
• Is there a relationship between students’ knowledge elaboration process and their 
learning outcomes in synchronous Computer-Supported Collaborative Learning 
(CSCL), and is this influenced by gender? 
 
Study 1 and 2 were conducted to answer the first research question. Study 1 focused 
on whether collaborative learning is generally more effective for students than individual 
learning. The analyses of students learning achievement showed that collaborative learning 
improved students’ solving of physics problems. Students in the collaborative condition 
scored higher than did students in the individual condition. Study 2 is indicative of a gender 
difference in collaborative learning.  
In order to answer the second research question concerning students’ interaction 
content during collaborative problem-solving, Study 3 and 4 were conducted. Study 3 sought 
to examine gender differences in communication styles while the purpose of Study 4 was to 
investigate the gender difference in cognitive representations during problem-solving.  
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From Study 5, the research swayed into a computer-supported learning environment. 
Study 5 is comprised of three case studies exploring a way to visualize the dyadic 
collaboration from a knowledge elaboration perspective. With the help of this visualization, a 
large study, Study 6, with 96 high school students was embarked, aiming at exploring the 
relationship between the gender differences in knowledge elaboration and students’ learning 
achievement in CSCL.  
This Chapter will begin with a brief account of each study. Next, an overview of the 
results will be presented, and the potentials of the research will be discussed. Finally, 
recommendations for future research and practical implementations will be presented.  
 
8.2 Review of the Studies 
8.2.1 Study 1: Collaborative Learning and Individual Learning (Chapter 2) 
 
Solving problems doesn’t only rely on the proficiency in recalling an equation or doing 
some symbol manipulation. Problem solving is at its best when students conduct a 
systematic analysis of problem information, make a synthesis of various problem solving 
methods, and critically reflect on the answer. However, students do not spontaneously 
generate highly elaborate explanations or questions on their own (King, 1990). Students tend 
to pay more attention to the literal aspects of the problem description and superficial 
application of equations or theorems. In the past twenty years, two heuristic methods, 
collaborative learning and individual learning with instructional help, have been widely 
adopted in classroom instruction. The value of collaborative learning is recognized due to the 
notion that while explaining a problem to a peer learner, students can gain conceptual clarity 
for themselves (Damon & Phelps, 1989; Johnson & Johnson, 1990; 1993). However, 
collaborative learning will be at risk of becoming conversational learning. Without the 
presence of tutors, students are inclined to chat and become less oriented towards their task. 
The aim of the first study was to find whether collaborative learning outperformed individual 
learning in enhancing students’ learning performance. As a pilot study, it helped to fill out the 
pictures of collaborative and individual learning with hints.  
The study was conducted in a secondary school in Shanghai with a sample of 99 
students from two grade 11 classes. There were four experimental conditions: in Condition 
CL+H students collaborated with the help of hints; in Condition CL they collaborated without 
any hints; in Condition I+H students worked individually with the help of hints; in Condition I 
students worked individually without any hints. In total, there were 54 female students and 45 
male students. The study was a randomized group design with a pre-test and a post-test. 
Students were randomly assigned to the four conditions. Students in the two collaboration 
conditions were randomly paired to work in dyads. Prior to the pre-test, we provided an 
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introductory training to instruct the participants how to use the answer sheets. In the pretest, 
students were asked to solve two physics problems. After that they participated in six 50-
minute experiment sessions. Both the pre- and posttest were one-hour long and students had 
to solve the problems individually, without any help. 
Results  
The analyses pronounced a significant difference of learning achievement between 
students in Condition CL and Condition I, and between those in Condition CL+H and 
Condition I. This indicated that collaborative learning was generally more effective than 
individual learning with hints for student’s problem-solving learning.  
It was also found that students in Condition I+H significantly outscored those in 
Condition I. But there was no significant difference between those in Condition CL+H and CL. 
The analysis showed that collaborative learning with hints was only slightly better than 
collaboration without hints. But a contrast test revealed that the difference between these two 
groups was not significant.  
These results are congruent with previous research that has found collaborative 
learning excels individual learning with respect to the improvement of students’ problem-
solving achievement. Nevertheless, it was worth noting that female students seemed to profit 
less from collaborative learning than males. Study 2 grew out of the realization that there 
might exist a gender difference in learning achievement in the four conditions.  
 
8.2.2 Study 2: Gender and Collaborative Learning (Chapter 3) 
Collaborative learning is assumed to appeal to both male and female students (Heller 
& Lin, 1992; Johnson & Johnson, 1993; Kahle & Meece, 1994). However, some studies have 
clearly pronounced a notable gender difference in collaboration. For instance, females are 
more likely to hedge, qualify and justify their assertions (Fahy, 2003; Smith, McLaughlin, & 
Osborne, 1997). Even if a female student disagrees with her partner, she seems very 
reluctant to utter an emphatic “no”. By contrast, males tend to assert their opinions strongly 
as facts (Blum, 1999; Fahy, 2002). Heller and Hollabaugh (1992) pointed out that female and 
male students may benefit differently from collaborative problem-solving. In contrast, Heller 
and Lin (1992) conducted a study concerning gender differences in university physics 
introductory education, and found that female students could perform equally well as male 
students when they were taught how to use an explicit problem-solving strategy in a 
collaborative learning environment. This raises the question, which method, collaborative 
learning or individual learning with hints, is better in closing the gender gap.  
Study 2 arose from Study 1, using the same samples and database, but the research 
focus was narrowed to the gender difference in four conditions: Condition CL+H, CL, I+H and 
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I. The research aim was to find out know how collaborative learning and individual learning 
with instructional help operate in terms of how females and males learn differently. 
Results 
After the experiment, in condition CL and condition I there appeared to be a 
significant gender difference. In both conditions, male students excelled female students in 
the posttest. However, in Condition I+H, there was no significant difference between female 
and males’ learning achievement. It seems that individual learning with hints may help to 
alleviate the gender gap in physics problem-solving in particular. In this condition, the 
females’ answer sheets showed that they were actively involved in hint reading. Learning with 
the use of hints may make female students feel free to try and develop their own solving 
strategies.  
In comparison with condition CL (collaborative learning without hints), it has been 
found that there was no significant difference between female and male students in condition 
CL+H. Having hints at hand may give the female students more confidence in developing 
their own problem solving strategies and arguing with their partners. Upon close examination 
of the students’ answer sheets and the case study indicated that female students’ problem-
solving process may be influenced by their partner gender. The question is how partner 
gender influences students’ learning process.  
Thus, it was of great interest to explore whether female students’ interaction and 
problem-solving process was sensitive to their partner’s gender. Dillenbourg, Baker, Blaye, 
and O'Malley (1996) expressed the need to study the interactive processes that individuals 
and groups undergo during the collaborative learning. This triggered Study 3. 
 
8.2.3 Study 3: Gender, Communicative Style and Problem Solving 
Episodes (Chapter 4) 
Research indicates that females in single-gender collaboration outperform those in 
the mixed-gender collaboration (Siann & Macleod, 1986; Siann, Durndell, Macleod, & Glissov, 
1988; Barbieri & Light, 1992). The presence of male students seems to make high-school 
female students reluctant to put forward their ideas and they become less active in 
collaboration. However, experimental studies focusing on female students’ cognitive activities 
during collaboration and how this relates to their problem-solving achievement are sporadic 
(Hogan & Tudge, 1999). There is no clear empirical evidence whether female students’ 
interaction style and problem-solving processes are influenced by their partner gender. Study 
3 resorted to Bales’ Interaction Process Analysis model (IPA) (1950, 1999) to look into 
students’ communication style. The IPA model provides four categories for recording and 
analyzing the content and intensity of communication. The categories included twelve items 
indicating twelve types of behavior: a) Social-Emotional Area (positive): showing solidarity, 
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tension release and agreement; b) Social-Emotional Area (negative): showing disagreement, 
tension and antagonism; c) Task Area (questions): asking for orientation, opinion and 
suggestions; and d) Task Area (answers): giving orientation, suggestions or opinions. In this 
study, some modifications were made to make the IPA model fit better into the problem-
solving setting. The purpose of this study was to investigate whether partner gender 
influenced student’s communication in collaborative learning in physics.  
Fifty high school students (26 females and 24 males) in Shanghai, along with their 
physics teacher, participated in the study. Students were selected from two physics classes 
at grade eleven. Students were randomly paired with a peer learner from a different class. 
There were 12 mixed (Condition MG), 7 female-female (Condition FF), and 6 male-male 
dyads (Condition MM). The students in three conditions were exposed to the same number of 
experimental hours and the same instructional materials. The teacher first gave two 
introductory courses on Newtonian mechanics. Each took 45 minutes. One week before the 
experiment all students took a 50-minute pre-test to solve five problems individually. Then 
they were given a pre-flight training about how to use the communication log-sheets and 
answer sheets. The experiment consisted of four 45-minute long sessions. Each included two 
moderately structured problems. The data consists of students’ pre- and post-test scores, 
and their written messages on the communication log-sheets. Students were asked to write 
down all the steps in the solution. Their written messages were analyzed with the modified 
Bales’ IPA model. 
Results 
Analysis of students’ pre- and posttest performances showed that female students’ 
learning achievement was sensitive to their partner gender. Those working with a female 
partner excelled those collaborating with a male student. Students’ written messages were 
also collected and analyzed. Of all 1,113 written messages generated by students in the four 
groups, 1,014 were identified as on-task interaction. Of the 1,014 on-task statements, almost 
all (999) could be categorized. There was a statistically significant difference in the number of 
messages across conditions. Females in MG were more likely to ask for suggestions and 
opinions. But they offered significantly less problem information, or suggestions about how to 
solve the problem. For male students more tension was found in Condition MM than in 
Condition MG. No significant differences were found in the other categories.  
Study 3 on students’ communication style only provided us with a surface 
understanding of what happened in collaboration. In order to solve a physics problem, 
students need to cognitively process problem information. The need for an insight into 
students’ cognitive knowledge elaboration is obvious, such as how they make a qualitative 
analysis of variables, recall the relevant equations or laws, and map the relationships and 
substitute the numbers for calculation. We were more interested to know how they processed 
the knowledge cognitively and whether there existed a gender difference. Thus, we 
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conducted our fourth study.  
8.2.4 Study 4: Gender, Cognitive Representations in Collaborative 
Learning (Chapter 5) 
Solving problems in physics involves far more than substituting the equations with 
numbers and manipulating them. Because representing information and high level cognitive 
processing of information are closely intertwined in problem solving in science (Kozma & 
Russel, 1997; Toth, Sunthers & Lesgold, 2002), we can make inferences to student’s external 
representations produced in the interactions of problem solving to gain insight into his/her 
cognitive elaborations (DeWindt-King & Goldin, 2003).  
External representation in physics problem solving refers to the configuration of 
formulating, illustrating, symbolizing, describing or paraphrasing problem components and 
information with tables, maps, charts or students’ own words. For collaborative problem 
solving in physics there are normally two types of elaborative activities that students are 
engaged in: constructing a graph to illustrate variables or the problem solving strategy (visual 
representation), and verbally exchange of problem information (verbal representation). 
Visualization is recognized as a powerful step for successful problem solving (van Garderen 
& Montague, 2003). The visual representations of experts include not only declarative 
knowledge about the problem domain, but also strategic knowledge. For successful problem 
solving, high level vocabulary is necessary to describe a problem solution and to convey 
problem information in a scientific manner (Anderson, 1995). In collaborative learning, 
students are expected to engage in a deep intellectual level of interaction rather than fix on 
superficial talk, such as simply paraphrasing the problem information. We are interested to 
investigate whether there was a gender difference in knowledge representations in 
collaborative problem-solving and whether students’ representation modes were sensitive to 
their partner gender.   
This study rose from Study 3, using the same samples and database. We re-
analyzed and categorized students’ visual and verbal messages in interactions.  
Results 
The purpose of this study was to explore whether students’ cognitive representations 
in physics collaborative learning varied across gender, and whether this was affected by their 
partner’s gender. The analysis of students’ verbal and visual representations on the 
communication log sheets suggested that female and male students did have different ways 
to represent knowledge. Female students preferred using verbal representations to convey 
problem information while males were more adept at visualizing problem components and 
mapping the problem solving strategies. But it was found that neither female nor male 
students’ representation modes were affected by their partner’s gender. It can be 
extrapolated that there may not be a great problem for single-gender collaborative problem 
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solving because both interlocutors tend to use the same representational way to discuss the 
problem information and work out a solution. However, the finding got us reflecting on mixed-
gender collaboration. What kind of problems may appear when female and male students 
work on a physics problem together but use different ways to represent the problem variables 
and the relationships between problem components?  
From Study 1 to Study 4, we looked at a computer-alike collaborative learning setting 
because we thought that the computer itself might influence students’ interaction. Having 
assessed gender differences in students’ communication and cognitive elaboration, it was of 
interest to look into students’ knowledge elaboration process during collaboration. Hmelo-
Silver (2003) pointed out that understanding collaborative learning requires making sense of 
the interactions that students engage in and the tools that mediate their knowledge 
elaboration. Process-oriented studies into interactions are necessary to capture the 
situational dynamics of collaborative learning (Arvaja, Salovaara, Hakkinnen, and Jarvela, 
2007). The study was shifted into a computer-supported collaborative learning environment. 
A case study, Study 5, was conducted, aiming at exploring a new method to visualize 
students’ knowledge elaboration in CSCL.  
 
8.2.5 Study 5: Visualizing the Knowledge Elaboration Process in CSCL 
(Chapter 6) 
In collaborative learning, group is the learning agent (Suthers, 2006). The problem 
solving process can be regarded as a joint process of knowledge elaboration, which is made 
up of numerous meaningful artifacts, such as utterances, visual representations, gestures, 
and facial expressions in face-to-face collaboration. Joint knowledge elaboration is a process 
within which all participants should contribute to knowledge elaboration verbally and 
propositionally (Van Boxtel, 2000). CSCL that supports the exchange of visual and verbal 
representations can make students’ ideas visible and preserve them in a shared context. 
Nevertheless, lack of co-present cues and a large amount of incoherent communication in 
synchronous CSCL may influence students’ knowledge elaboration process. The aim of this 
case study was to find a possibility to visualize students’ cognitive elaboration process in 
CSCL.   
The computer program “PhysHint” was designed to foster students’ online interaction. 
Six tenth graders (three females and three males) from a Dutch secondary school (VWO) 
participated in the five-day experiment. The research was limited to three dyads: a mixed-
gender, a female-female, and a male-male dyad. The dyads were assigned to different 
periods of the day. Prior to the experiment, each dyad was given a twenty-minute pre-flight 
training and a sample problem about how to use PhysHint. Each participant was provided 
with a desktop computer with internet connection. In the experiment individual students were 
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spread over different rooms to avoid talk. During the experiment session, the dyads were 
required to solve one or two moderately-structured physics problems within one hour and a 
half. The whole experiment was overseen by the researchers.  
The server computer documented all students’ online interactions. Sequential 
analysis which acknowledges that the message is a function of its context, was applied to 
look into these interactions. Each message was described as an elaboration to the problem 
solving. The content of each message was analyzed and endowed with a number, -1, 0 and 
+1. This was roughly in line with Kumpulainen and Mutanen’s (1999) three cognitive 
processing modes. The initial state of students’ knowledge elaboration was defined as 0. 
Each subsequent message was numbered according to its relation to prior sequence and the 
contribution to the solution. Off-task talk was coded as minus one (-1) because it ran the risk 
of directing the collaboration into non-sense talk. If it was a task-related message but didn’t 
push the solving process, it would be coded as zero (0). This served to distinguish the 
superficial and elaborative talk in collaboration. When the messages were pertinent to the 
task of problem solving and contributive to the final solution, it would be coded as one (+1). 
Then we aggregated numbers of messages for each individual student, and plotted them 
sequentially to trace each individual’s elaboration process in CSCL.  For each dyad, there 
were two plotted curves representing the knowledge elaboration of each participant in the 
dyad.  
Results 
In the case studies, students’ knowledge elaboration processeswere visualized and 
were presented in three patterns: 
Cross Knowledge Elaboration: Students’ knowledge elaboration curves looked more like two 
crossed curves. It is hard to find a salient individual difference in knowledge elaboration 
although at different periods of the problem solving process the collaboration was distributed. 
Both of the participants pushed the process of problem solving and knowledge elaboration.  
Parallel Knowledge Elaboration: The knowledge elaboration curves kept almost parallel. The 
collaborative problem solving and knowledge elaboration process is jointly propelled while 
one was the asker and the other was the answerer.  
Divergent Knowledge Elaboration: In the divergent pattern, students’ elaborations were first 
closely entangled, but then diverged and the gap between them was getting larger and larger. 
One seemed to achieve a higher elaboration level than the other. In the case analysis, it was 
found that although this dyad generated the most on-task messages, one price paid for this 
was one student’s relevantly low-level individual elaboration.  Consequently, it was of great 
interest to find out whether the elaboration pattern is related with students’ learning 
performance, and whether there exists a gender difference in knowledge elaboration. 
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8.2.6 Study 6: Gender, Knowledge Elaboration and Learning 
Achievement (Chapter 7) 
CSCL research is explicitly founded on the claim that collaborative learning can 
improve individual learning achievement; the research methodology should be adequate for 
identifying these effects (Cress, 2008). Based on the knowledge gained in Study 5, Study 6 
resorted to multilevel analysis to tackle the friction between the individual-level and the dyad-
level. The aim of Study 6 was two-fold. First, it focused on the gender difference in learning 
performance and explored whether the single- and mixed-gender dyads presented different 
pictures of knowledge elaboration in CSCL. Second, it investigated whether students’ gender, 
group gender, and knowledge elaboration process had an effect on students’ learning 
achievement.  
The study was conducted in a secondary school in Shanghai, China. Ninety-six 
students (49 females, 47 males) from two grade 10 classes participated in the two-week 
experiment. The average age of the students was 16. Students were administered a 40-
minute paper-pencil pretest on Newton’s second law. After that, they were given a 40-minute 
preflight training about how to use the online program “Physhint”. The experiment lasted for 
two weeks, including six 40-minute long experiment sessions. Students were randomly paired 
to form 25 mixed-dyads, 12 female-female dyads and 11 male-male dyads. Within each 
experiment session, students were required to solve one moderately-structured physics 
problem concerning Newton’s second law. Similar to former experiments, students were 
exposed to the same number of experimental hours and the same instructional materials. 
Results 
The analysis indicated that female students’ learning performance was sensitive to 
their partner gender and the gender problems that we are familiar with in the face-to-face 
collaborative learning carry over into the CSCL setting. Based on the rationale that individual 
contributions as data points are interdependent and could be interpreted additively, we 
plotted the sums of the elaboration values along the timeline and found the patterns: 
divergent, cross and parallel. The study addressed a proportionally higher frequency of 
divergent patterns than cross or parallel patterns in the mixed-gender dyads than observed in 
the female-female and male-male dyads.  
With respect to the question, whether females’ relatively poorer performance in the 
mixed-gender dyads was correlated with the knowledge elaboration patterns, multilevel 
analysis was applied. It showed that in the mixed-gender dyads, the frequency of divergent 
patterns may explain the relatively low performance of female students on the posttest. The 
more divergent patterns, the lower females in the mixed-gender dyads score on the posttest. 
This finding potentially taps into a better understanding why female students performed 
worse in mixed-gender dyads than in single-gender dyads.  
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8.2.7 Summary and Discussion 
As for the first research question, how female and male students learn in 
collaborative learning, it has been found that students learning collaboratively excelled those 
learning individually in general. This echoes previous research that has shown collaborative 
learning can generally improve students’ learning achievement (Cohen, 1994; Johnson & 
Johnson, 1990, 1993; Scanlon, 2000; Slavin, 1983). During collaboration, students co-
construct their knowledge through the interplays, and they can generate more abstract 
representations of the problem (Schwartz, 1995). However, the individual effect of 
collaborative learning may be masked by the overall attainment effect. Despite the benefits of 
collaborative learning, many researchers have pointed out the disadvantages of it such as the 
“free rider” effect (Kerr & Brunn, 1983) and the “sucker effect” (Kerr, 1983). It is widely known 
that simply grouping students does not ensure high learning achievement. Gender becomes 
one factor that both education researchers and practitioners cannot ignore. Howe, Tolmie, 
Anderson and Mackenzie (1992) have reported that there exist interaction failures for mixed-
gender dyads in comparison with single-gender dyads working with physics problems. Mixed-
gender dyads show lower levels of verbal interactions and slightly poorer performance than 
single-gender dyads.  
In the first study, collaborative learning clearly produced a gender difference. 
Although there was no significant difference between female and male students on the 
pretest, male students tended to outscore female students on the posttest after a period of 
collaborative problem solving. Thus, it triggered a deeper investigation concerning how 
collaborative learning disadvantages female students in physics problem solving.  
In order to know whether there exists a gender difference in students’ communication 
styles, cognitive representations and knowledge elaboration processes in collaboration, I 
looked into the content of students’ interaction. Students’ interactions were classified 
according to Bales’ IPA model, Schoenfeld’s problem-solving episodes, and visual/verbal 
dichotomy. It has been found that females’ communication style and their learning 
achievement were sensitive to their partner gender. Female students who were collaborating 
with male partners were more likely to hedge and ask for suggestions than females in single-
gender dyads. Females put more effort on problem reading while males contributed more to 
calculations. Moreover, female and male students had different ways to represent knowledge. 
Females tended to use text-based messages in collaboration, while male students tended to 
use pictorial messages to illustrate problem information. Neither female nor male’s 
representation ways were sensitive to their partner gender. Therefore, we may draw a 
temporary conclusion that there exists a qualitative difference between female and male 
students’ communication styles and their ways to represent knowledge. However, knowing 
these is inadequate to unravel the complexities of collaborative learning. Individuals’ 
thoughts, interpretations and actions are situational and evolve throughout the interaction 
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(Jarvela & Salovaara, 2004). The nature of the interaction between students influences their 
ongoing action and talks, thereby imposes an impact on their knowledge elaboration. 
CSCL provided a rich context to investigate learners’ interactions and knowledge 
elaboration process. But how to track the elaboration process sequentially is still a problem 
that researchers need to tackle. In order to find how students’ elaboration process can 
explain their learning achievement and whether it is affected by students’ gender, the 
“elaboration value” method was applied to capture the dynamics of the elaboration process 
during collaboration. With the help of this, three patterns of knowledge elaboration were 
defined: divergent, parallel and cross. Based on this methodological development, students’ 
learning achievement could be correlated with their gender and elaboration patterns in CSCL. 
It has been found that the mixed-gender dyads generated proportionally the most divergent 
patterns. Besides, the more divergent patterns, the lower female students in the mixed-
gender dyads scored on the posttest, while this was not the case for female students in 
single-gender dyads.  
The close-up studies of students’ communication styles, representation modes and 
synchronous CMC have revealed some factors resulting in the divergent patterns.  
First, female and male students have different communication styles. Females in 
mixed-gender dyads ask for information or suggestions more often than their male partners. 
Accordingly, their male partners are more likely to provide help and offer advice. A great 
degree of uncertainty among female students can be found in the mixed-gender dyads. In 
contrast, females in single-gender dyads are not submissive and seem to be more confident 
in their abilities. Study 4 has shown that they put forward their ideas freely and are actively 
involved in problem solving.  
Second, female and male students have different ways to represent knowledge. 
Female students are more likely to use words to delineate problem information while male 
students tend to use pictorial methods to visualize problem components and map the solution 
plan. Their knowledge representation ways will not change no matter if they work in a single-
gender or a mixed-gender dyad. The discrepancy between female and male’s communication 
and representation ways may become more obvious in synchronous CSCL in which physical 
cues are absent. For example, interaction break-downs have been frequently found in study 5 
and 6. When the female student raises a question, it is very easily ignored by her male 
partner in synchronous CSCL. Instead of persevering in asking, studies on communication 
styles show that female students tend to be submissive and are more likely to seek 
consensus with their partner. The quick consensus building and the uncritical copying of 
knowledge from the partner have been found not indicative of an actual cognitive change, but 
is a coordinating discourse move (Fischer, et al., 2002; Weinberger, 2003). It may be 
detrimental to individual knowledge elaboration. Knowledge elaboration is at its best when 
students receive help and apply the help in the situation themselves (Webb, 1989). In 
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addition, quiet, withdrawn passive behaviour will also prevent the engagement in the learning 
tasks.  
The current studies suggest that gender plays an important role in both students’ 
communication styles and cognitive representations. As for physics problem solving through 
CSCL, female students tend to be at a disadvantage. It may be due to the synchronicity of 
online collaboration that may impede females’ knowledge elaboration when they are working 
with a male partner. Instant messaging generates numerous fragmented and incoherent 
interactions. Moreover, the lack of co-present cues and frequent breakdown of interactions 
are expected to reduce the effectiveness of collaborative learning. 
These empirical studies swayed from the computer-alike face-to-face collaboration to 
a computer-mediated environment. Given the consideration that computer itself may 
influence students’ communication and knowledge elaboration processes, the first four 
studies were conducted in a computer-alike collaborative learning setting. Students were 
randomly paired and asked to collaborate on the problems. They were not allowed to talk with 
each other. The communication between them only occurred on the communication log 
sheets. They could only use written messages to exchange ideas. Such kind of method 
facilitated an insight into students’ interactions during collaboration and a focus on students’ 
cognitive activities and communication styles. The data set included students’ test scores, 
written interactions and computer-documented messages. The quantity of participation (to 
what extent learners contribute to discourse), has been regarded as an important indicator of 
knowledge construction (Barab & Duffy, 2000; Cohen & Lotan, 1995). Therefore, both 
students’ text-based and visual representations were examined. 
Most of the aforementioned studies have been conducted in line with a randomized 
experiment with pre-flight training, pretest, experiment session and posttest. Study 5 was 
based on three case studies. The selection of research methods relies on the specific 
research questions in each study. For instance, the first two studies (Chapter 2 and 3) 
concentrate on students’ learning performance. Then, the quantitative method is applied. In 
contrast, the third and fourth studies (Chapter 4 and 5) focus on the interaction content of the 
students’ collaboration. The qualitative analyses are used to look into students’ 
communication messages. Study 5 (Chapter 6) explores a new method to visualize students’ 
elaboration process. Thus, it uses the case studies to gain deeper insight into students’ 
interactions. The last study aims at exploring the relationship between students’ collaboration 
patterns and their learning performances, which is a synthesis of previous research results. 
Therefore, both quantitative and qualitative analyses have been applied. 
Since the pre-flight trainings only concerned the use of the log sheets or the 
computer program, PhysHint, its impact on students’ problem-solving practices has been 
minimized. Doing so guaranteed the validity of the experiment.  
The studies were limited to dyadic collaboration due to the common sense that small 
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group collaboration will result in more cognitive benefits and interactions not available to large 
group collaboration.  
These studies were mainly conducted in Shanghai, China and only one case study 
was conducted in the Netherlands. It may be argued that there exists a cultural difference. As 
previously mentioned, the gender gap in physics is a global issue. Both in Europe, America 
and China, physics shows the largest gender gap with female students at a disadvantage. In 
addition, since this research focused on students’ knowledge elaboration process, which 
shares a lot of traits among students across cultures, the influence of cultural differences 
seems to be minimal.  
 
8.3 Recommendations for Future Research  
The findings of these studies addressed a series of deeper questions and research 
interest. First of all, in the aforementioned studies, problem-solving strategies have been 
converted into hints and embedded into the collaborative settings. According to Schoenfeld 
(1994) one should not dictate strict problem-solving steps but give students room to develop 
their own problem solving strategy by asking them questions and giving hints.  In study 2 
(Chapter 3), it has been found that students learning with hints, either collaboratively or 
individually, outperformed those learning individually without hints, and there was no gender 
gap. It inspires the interest to know what kind of role the hints play in students’ knowledge 
elaboration process. To put it in another way, it is of interest to investigate how the hints 
contribute to propel students’ knowledge elaboration. 
Second, the current studies were conducted in a synchronous CSCL environment. 
Asynchronous CSCL that allows students to learn at their own pace bears the opportunity to 
trigger more thoughtful discussions and critical thinking. Thus, it is of interest to study 
whether the asynchronous CSCL will excel synchronous CSCL in alleviating the gender gap 
in physics problem-solving learning. In order to answer this question, it is of significance to 
have an insight into the nature of students’ interaction in asynchronous CSCL and how the 
partner gender influences students’ ongoing action and talk in this situation. It was also found 
that when anonymity was allowed, women contributed strong assertive remarks, even though 
they did not engage in heated debates in face-to-face classrooms (Bellman, Tindimubona, & 
Arias, 1993). 
Third, although we believe that the gender difference in physics learning is a global 
problem and the cultural may play an important role in the research of collaborative learning. 
Furthermore, to date little attention has been paid to culture-related issues in CSCL, 
especially when gender is involved. Some may argue that Asian females may have different 
communication styles in comparison with western females in the course of collaborative 
problem-solving. Given this research interest, it is important to study, with regard to the 
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gender difference in CSCL interaction, whether there is a cultural difference. A cross-cultural 
comparison in this regard may help to picture the gender differences in communication styles 
in CSCL research.  
There are also some methodological recommendations for researchers in CSCL. 
First of all, in analyzing CSCL interaction data, it is necessary for researchers to develop a 
good understanding of the “teen lingo” that is frequently used in web-based communication. 
For example, students tended to use “u” to represent “you” to speed up their typing. 
Secondly, in order to test the problem-solving skills, the delayed posttest is favored. The 
knowledge students have acquired should be tested in a new problem setting to see whether 
there is transfer. Thirdly, CSCL data unavoidably consists of lots of off-task interaction. In 
order to improve the effectiveness of students’ collaboration, CSCL design should take the 
learning goal, sub-goals and the responses into consideration. For example, it is worth 
probing whether we should provide students with very detailed hints and worked-out 
example.  
 
8.4 Practical Implications  
Taking the gender difference into account, the findings of these studies shed light on 
current research on practical classroom instruction. Each study provided some practical 
suggestions for teachers who tend to use collaborative learning, either face-to-face or 
computer-supported.  
First, although students may generally benefit from collaborative learning in 
comparison with individual learning, we need to plan carefully to avoid the male 
monopolization in discussion if we want to steer female students in physics problem-solving. 
Designing some instructional help for students’ problem-solving may give the female students 
more chances to develop their own strategies and thereby close the gender gap. It is 
advisable to encourage female students to offer suggestions and raise questions more 
actively when they are working with a male partner. 
Moreover, due to the fact that female’s communication styles were sensitive to their 
partner gender, for the mixed-gender collaboration, teachers should encourage the female 
students to raise their questions, insist on their opinions and develop their own problem-
solving strategies. As female and male students have different ways of representing 
knowledge, it is suggested that we may provide female students more pictorially compiled 
hints to help them better understand their male partner’s visual messages.  
These studies indicated that females were at a disadvantage in mixed-gender 
collaboration and that this was related with their knowledge elaboration process. Therefore, it 




Finally, due to the numerous incoherent and fragmented messages, CSCL designers 
should hammer out how to technically overcome this problem in instant messaging. It may 
also be useful to provide some preflight training to remind students to keep their messages 
as coherent as possible. This might be a way out to reduce the frequency of divergent 
patterns.  
The major implication for the educational practitioner involves the importance of 










Samenwerkend leren is populair in het voortgezet onderwijs. Er zijn verschillende 
onderzoeken die ondersteunen dat samenwerkend leren effectief kan zijn in het leren 
oplossen van natuurkundeproblemen. De samenstelling van groepen naar geslacht kan een 
belangrijke indicator zijn voor het succes van de samenwerking. Maar het is nog onduidelijk 
hoe de samenstelling naar geslacht van invloed is op het effect van samenwerken. Ook is 
nog niet helemaal bekend in hoeverre het verschil in groepsamenstelling qua geslacht van 
invloed is in het samenwerken op afstand met behulp van de computer. Prinsen, Volman en 
Terwel (2007) concluderen dat de problemen die bekend zijn tijdens face-to-face 
samenwerking waarschijnlijk blijven in Computer-Supported Collaborative Learning (CSCL).  
Om het verschil in groepssamenstelling naar geslacht in CSCL te onderzoeken zijn 
de volgende onderzoeksvragen geformuleerd: 
1. Hoe leren vrouwelijke en mannelijke leerlingen tijdens samenwerkende leren 
en hoe leren ze van individueel leren? 
2. Is er een geslachtsverschil in de communicatie stijl, cognitieve representatie en 
kennis elaboratie tijdens de samenwerking? 
3. Is er een relatie tussen het proces van kenniselaboratie en de leerprestatie in 
CSCL en is geslacht darbij van een invloed?  
Sinds 2004 heb ik zes onderzoeken gedaan. De eerst twee studies richten zich op de 
eerste onderzoeksvraag. De eerste studie, beschreven in hoofdstuk 2, exploreert of 
samenwerkend leren effectiever is dan individueel leren. Het experiment werd gedaan op een 
middelbare school in Shanghai. 99 Leerlingen hebben aan het experiment deelgenomen. De 
analyse van de voor- en natoetsresultaten van de leerlingen toont dat samenwerkend leren 
tot betere prestaties leidt dan individueel leren zonder hints. Maar samenwerkend leren heeft 
evenveel effect als individueel leren met hints. Het samenwerkend leren heeft een algemeen 
positieve invloed op het probleemoplossen van de leerlingen. Tegelijkertijd laat deze studie 
zien dat er duidelijke verschillen bestaan tussen de vrouwelijke en mannelijke leerlingen in 
prestaties. Vrouwen profiteren meer van individueel leren met hints dan van samenwerkend 
leren. Mannen profiteren van beide evenveel (zie hoofdstuk 3).  
We verwachten dat er verschil is tussen vrouwen en mannen in hun manier van 
communiceren tijdens samenwerkend leren. De derde en vierde studie gaan vooral over de 
inhoud van de communicatie van de leerlingen. In de derde studie (Hoofdstuk 4) ligt het 
accent op de communicatiestijl en op de episodes in probleem oplossing. 50 leerlingen van 
een middelbare school in Sjanghai hebben geparticipeerd in dit onderzoek. Er waren 12 
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tweetallen van mannen en vrouwen, 7 vrouwelijke tweetallen en 6 mannelijke tweetallen. Ze 
kwamen uit twee parallelklassen die van dezelfde lerares natuurkundeonderwijs krijgen. De 
leerlingen werden aselect aan de tweetallen toegewezen. De leerlingen in drie typen van 
tweetallen (experimentele condities) kregen dezelfde leermaterialen in dezelfde 
experimentele periode. Eerst volgden ze een inleidende cursus en daarna namen ze deel 
aan een voortoets die 50 minuut duurde. De inleidende cursus was een korte training waarin 
de leerlingen leerden om een logboek bij te houden en om antwoordpapier te gebruiken. Het 
experiment bestond uit vier sessies van 45 minuten. Binnen elke sessie waren er twee 
complexe natuurkundeproblemen die de leerlingen moeten oplossen. De leerlingen losten de 
problemen op door schriftelijk met elkaar te communiceren. Ze zaten tegenover elkaar en er 
was een leerling uit een hogere klas die controleerde of de communicatie inderdaad 
schriftelijk verliep. De gegevens over de communicatie zijn gecodeerd en omgezet in data. 
De data hadden tot doel inzicht te krijgen in de individuele communicatiestijl van leerlingen en 
hun gebruik van episodes van probleemoplossen. De data over de communicatiestijl zijn 
gebaseerd op de gedragscategorieën uit Bales’ IPA model. De analyse van deze gegevens 
liet zien dat er een groot verschil is in communicatiestijl tussen de vrouwelijke leerlingen in 
gemengde tweetallen en tweetalen van alleen vrouwen. Als vrouwelijke leerlingen met een 
mannelijke partner samenwerken dan stellen ze meer vragen en komen ze met minder 
voorstellen dan wanneer ze in een tweetal met een vouw werkten. Het lijkt erop dat 
vrouwelijke leerlingen minder zelfvertrouwen hebben dan de vrouwen die in een tweetal met 
een andere vrouw werken. Dit resultaat geldt niet voor mannelijke leerlingen. Het maakte 
voor de communicatiestijl niet uit of een mannelijke leerling in een tweetal met een 
vrouwelijke leerling of een mannelijke leerling werkte. Statistische analyse liet zien dat er een 
relatie is tussen de communicatiestijl van vrouwelijke leerlingen en hun vaardigheid in het 
oplossen van natuurkundeproblemen na het experiment. Deze bevinding vereiste meer 
onderzoek naar de relatie tussen kenniselaboratie van vrouwelijke en mannelijke leerlingen 
en de invloed daarvan op hun vaardigheid problemen op te lossen.  
Op grond van het voorgaande experiment probeerde ik de interacties van de 
leerlingen nog een keer te categoriseren. Dat is de vierde studie (Hoofdstuk 5). Ik maakte 
onderscheid tussen de verbale en visuele representaties in de interacties tussen de 
tweetallen. Het bkeek dat vrouwen tijdens interacties vooral verbale representaties gebruiken 
van het probleem dat moet worden opgelost. In tegenstelling daarmee gebruiken de 
mannelijke leerlingen vooral visuele representaties tijdens samenwerking. Op grond van deze 
resultaten was het interessant om uit te vinden of deze tendens zich ook voordoet in een 
omgeving van computerondersteund samenwerken. In een computerondersteunde 
leeromgeving kunnen talloze berichten worden opgeslagen door de computer. Er is een 
methode gezocht om de representaties van het probleem tijdens de loop van het 
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elaboratiesproces in kaart te brengen. In het vijfde onderzoek (Hoofdstuk 6) is de methode 
onderzocht in een casestudie met zes leerlingen.  
In het vijfde onderzoek werd een computerprogramma genaamd PhysHint gebruikt. 
Met PhysHint kunnen leerlingen communiceren via een schriftelijke chatfunctie. Ze kunnen in 
een tekenscherm ook gezamenlijk een visuele representatie construeren. De servercomputer 
verzamelde alle interacties van de leerlingen. Een nadeel van eerdere analyses van de 
interacties tussen leerlingen is dat elke boodschap (communicatie) geïsoleerd werd en de 
frequentie ervan geanalyseerd. De opeenvolging van interacties tussen leerlingen tijdens 
kenniselaboratie werd daarbij veronachtzaamd. In het vijfde onderzoek werd elke boodschap 
uitgebreid geanalyseerd in de context van het proces van interactie. We gaven elke 
boodschap een elaboratiewaarde. Een niet-taakgerichte boodschap krijgt score -1; een 
taakgerichte maar oppervlakkige boodschap krijgt 0; een cognitief elaboratieve boodschap 
krijgt +1. Met deze scores konden we een tracé van kenniselaboratie van leerlingen 
weergeven op een tijdbalk. Er zijn drie samenwerkingpatronen gevonden volgens het 
elaboratie-perspectief: parallel samenwerken (de ene leerling volgt de andere leerling die de 
leiding neemt), afwisselend samenwerken (de leerlingen nemen om de beurt het initiatief om 
de oplossing van het probleem verder te brengen) en divergent samenwerken (leerlingen 
volgen ieder een eigen weg). De vraag voor verder onderzoek is of een vrouwelijke leerling 
die samenwerkt met een mannelijke leerling minder bijdraagt aan kenniselaboratie dan een 
mannelijke leerling.  
In het zesde onderzoek (Hoofdstuk 7) is nagegaan of er een relatie tussen de 
leerprestatie van de leerlingen en hun samenwerkingpatronen bestaat. 96 Leerlingen van 
een middelbare school in Sjanghai hebben in deze studie geparticipeerd. Er waren 25 
gemengde tweetallen, 12 vrouwelijke tweetallen en 13 mannelijke tweetallen. Alle leerlingen 
hebben deelgenomen aan: een voorbereidende training, de voortoets, zes experimentele 
sessies en de natoets. Tijdens elke experimentele sessie die 40 minuut duurde, moeten de 
leerlingen twee natuurkundeproblemen oplossen. De problemen waren dezelfde als de 
problemen in de vorige studies en gingen over mechanica en de wetten van Newton. De 
leerlingen hebben gebruik gemaakt van Physhint een CSCL-systeem. Via de computerserver 
zijn de gegevens van de interacties tussen de leerlingen in de tweetallen verzameld. In deze 
studie zijn de gegevens geanalyseerd met behulp van multi-niveau technieken. De studie liet 
zien dat de leerprestaties van de vrouwelijke leerlingen worden beïnvloed door hun partner. 
We stelden vast dat vrouwelijke leerlingen in gemengde tweetallen meer divergente patronen 
hebben dan vrouwelijke leerlingen die met andere vrouwen samenwerken. We testten of de 
samenwerkingpatronen invloed hebben op de vrouwelijke leerprestaties. De multi-niveau 
analyses lieten zien dat de hoge frequentie van divergent patronen bij vrouwen bij hen tot 
lagere leerprestaties leiden. Met andere woorden, hoe meer divergent 
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samenwerkingpatronen in de gemengde samenwerking, des te lager zijn de leerprestatie van 
vrouwelijke leerlingen.  
Het veel voorkomen van divergent patronen in de samenwerking tussen vrouwen en 
mannen laat zien dat er een cognitieve kloof is tussen vrouwelijk en mannelijke leerlingen. Er 
bestaat consensus over een aantal indicatoren voor succesvol samenwerking, bijvoorbeeld 
de actieve cognitieve betrokkenheid van de participanten en de gezamenlijke constructie van 
kennis. De vijfde en zesde studies hebben aangetoond dat het samenwerken tussen 
mannelijke en vrouwelijke studenten vaak niet goed in balans is, wellicht mede als gevolg 
van het gebrek aan sociale aanwijzingen in computer-gemedieerde communicatie. Leerlingen 
kunnen elkaars non-verbale gedrag niet waarnemen en mannen probeen niet na te gaan of 
vrouwen voldoende tot hun recht komen 
De resultaten van deze studie kunnen gebruikt worden voor het verder uitbouwen 
van de empirische en theoretische basis van onderzoek naar de rol van geslacht in het 
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